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It is possible for other examples of improper instrument usage to result in the failure of one or 
more precision resistors in the voltage multiplier string. The symptom of this difficulty on 
either AC or DC voltage measurements will be inability to obtain proper zero adjust action and, 
of course, incorrect voltage readings. Precision resistor failure would result in an open grid 
circuit condition of the 12AU7 tube. 


CHECKING METER COIL CONTINUITY: In event failure of the meter coil is suspected, the 
continuity canbe determined by observing the following precaution. NEVER check meter move- 
ment continuity directly with another ohmmeter. The amount of current drawn will seriously 
overload the meter coil and will certainly result in a definite open circuit condition. Always 
use a limiting resistor in series with the ohmmeter test leads. The value of the resistor will 
depend upon the ohmmeter battery voltage and range on which the ohmmeter is being used. Al- 
ways use at least a 10,000 resistor in series with the VTVM meter coil and the ohmmeter test 
leads. 


Just remember that anytime your VTVM should need servicing, the trouble-shooting procedure 
is quite logicaland shouldnot present a problem. If possible, use or borrow another instrument 
to measure operating voltages or to make ohmmeter continuity checks. Proper operating volt- 
ages for the VTVM are shown on the schematic and deviations of +15% are entirely acceptable. 
Always be sure that the tubes used in the instrument are in good operating condition and they 
may be checked either by substitution or with a tube checker 


Because of their constant flexing during use, the test leads are not above suspicion, especially 
when the VTVM has been in use for several years. Erratic or improper DC voltage measure- 
ments can sometimes be caused by a fault in the black shielded test. lead or in the connection of 
the 1 megohm isolating resistor used in the test prod. 


Your VTVM has been designed to fulfill service requirements encountered in daily usage. It is 
capable of continuous daily service over a period of several years and it should be accorded the 
same degree of care in operation that would be given to any piece of fine equipment. 


CENTER SCALE "0" POSITION 


Your V-7A VTVM features a convenient center scale zero position. The adjustment range of the 
panel ZERO ADJUST control will permit center scale zero deflection of the meter pointer when 
SELECTOR switchis set toDC+ or DC-. Center scale zero may not be obtained at both positions. 


The center scale zero will be useful as a null indicator in discriminator adjustments, for bias 
measurements or any application where polarity reversals may occur. 


HIGH VOLTAGE TEST PROBE KIT #336 - $4.50 


A high voltage test probe in kit form is available from the Heath Company. This probe will 
permit VTVM DC measurements up to 30,000 volts, which covers the range of flyback power 
supply voltages commonly encountered in TV receivers. Probe consists of red molded housing 
with black molded handle. Contains 2% precision, 1090 megohm resistor and provides DC range 
multiplication factor of 100 for 11 megohm input VTVM's. 


RF TEST PROBE KIT #309-C - $3.50 


A kit form RF test probe is available from the Heath Company. This probe will permit VTVM 
usage for RF measurements up to 30 volts substantially flat from 1000 cycles to100 mc. Built- 
in isolating capacitor permits DC voltage range up to 500 volts. Uses printed circuit board for 
easy assembly and housing is of polished aluminum with polystyrene insulation. 
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USING THE VTVM DECIBEL SCALE 


Because the human ear does not respond to volume of sound in proportion to signal strength, a 
unit of measure called the "'bel''was adopted. Thebel is morenearly equivalent tohuman ratios. 
Normally the reading is given in 1/10 of a bel or a decibel. Various signal levels are adopted 
by various manufacturers as standard of zero decibel. The Heathkit VTVM DB scale (decibel) | 
uses a standard of 1 milliwatt into a 600 ohm line as zero decibels. This corresponds to .774 
volts AC on the 0-1.5 volt scale. From this figure, the various AC ranges of the VTVM may be 
converted to DB by the following chart: 


AC VOLTS SCALE DECIBEL SCALE 


0-1.5 volts Read db directly 

0-5 volts Add 10 db to the reading 
0-15 volts Add 20 db to the reading 
0-50 volts Add 36 db to the reading 
0-150 volts Add 40 db to the reading 
0-500 volts Add 50 db to the reading 
0-1500 volts Add 60 db to the reading 


As the decibel is a power ratio or voltage ratio, it may be used as such without specifying the 
reference level. Thus for instance, a fidelity curve may be run on an amplifier by feeding in a 
signal of variable frequency but constant amplitude. At a reference frequency of say 400 cycles, 
adjust input to give a convenient indication (zero db for instance) on the VTVM connected to the 
output. As the input frequency is varied, the output variation maybe noted directly in DB above 
and below the specified reference level. NOTE: When measuring complex AC wave shapes, 
such as ripple, hum, distorted and square waves, the indication is 35% peak-to-peak. 


READING THE METER SCALE 
The voltage markings on the RANGE switch refer tothe full scale reading. The scale is marked 
0-15 and 0-50 for voltage. On the 1.5 volt range, read the 0-15 scale and move the decimal one 
place to the left. Thus for example, a reading of 8 would represent a voltage of .8 volts. On 
the 5 volt range, read the 0-50 scale and move the decimal point 1 place tothe left, that is, drop 
the zero. A reading of 40 volts would represent a voltage of 4 volts. On the 15 volt range, 
read the 0-15 scale directly. EXAMPLE: A reading of 4 volts represents a voltage of 4 volts. 
On the 50 volt range, read the 0-50 volts directly. On the 150 volt range, read the 0-15 scale 
and add one zero. EXAMPLE: A reading of 12 represents a voltage of 120 volts. On the 500 
volt range, read the 0-50 scale and add one zero. EXAMPLE: A reading of 40 represents a 
voltage of 400 volts. On the 1500 volt range, read the 0-15 scale and addtwo zeros. EXAMPLE: 
A reading of 8 represents a voltage of 800 volts. 
NOTE: This marking does not meanthat the up- priest Sa i 
per scale indicates DCV and the lower scale ACV. v 5 8 
Rather it means that either scale will read ACV N 4 
or DCV depending on the setting of the SELEC- % 6 
TOR switch. é os B 


The resistance marking or ohms scale refers to ti Soe! 8 ie 
the lowest resistance range ''RX1."' For the other Pago Led 
ranges, add the proper number of zeros. Add 
two zeros for RX100, four zeros for RX10K and eee ong er etericenn 
six zeros for RX1 MEG. Onthe RX1 MEG range, 
the scale can also be considered to read directly 
in megohms. Figure 12 

: ACCURACY 
The accuracy of the meter movement is within 2% of full scale which~means that on the 1000 
volt range, for instance, the accuracy of the movement will be within 20 volts at any point on 
the scale. On DC, the accuracy of the multiplier 1% may be additive resulting in an inaccuracy 
of within 3% of full scale. 
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To illustrate this, let us assume a resistance coupled audio amplifier with a .5 megohm plate 
load resistor operating from a 100 volt plate supply. Let us assume that the plate voltage is 50 
volts and therefore the tube acts as a .5 megohm resistor. Measuring the plate voltage with a 
conventional 1000 ohm per volt instrument on the 100 volt scale, the meter can be considered 
a 100,000 ohm (.1 megohm) resistor in parallel with the tube. The voltage on the plate is then 
about 14 volts and is shown as such by the meter. This is due tothe shunt resistance of the low 
resistance meter. Using the VTVM on any scale setting, the full 11 megohms is placed in par- 
allel with the tube. The voltage on the plate is then about 49 volts or 2% lower than the normal 
operating voltage. Thus accurate readingcan be obtainedonly with the high resistance provided 
by a VTVM. 


SE st SS Sep ee aaa 


meg CIVIDER BECOMES .5MEG. IN SERIES WITH pet = 48 MEG. 
‘ PLATE VOLTAGE BECOMES #5 x IOO= 49 VOLTS 


1jOOV 


1 MEG. 11 MEG. 


MULTIMETER 
VTVM 


Figure 11 


DIVIDER BECOMES .5 MEG. IN SERIES WITH 2~+- =.083 MEG. 


. PLATE VOLTAGE BECOMES 223. x 100 = 143 VOLT 


DC VOLTAGE MEASUREMENTS 


To measure DC voltage with the VITVM, connect the common (black lead) to the common or 
"cold" side of the voltage to be measured. Set the selector switch to DC+ or DC- as required 
and set the range switch to a range greater than the voltage to be measured,if known. If un- 
known, set to 1500 volts. With black test prod, touch other or "hot" side of the voltage to be 
measured. If the pointer moves less than 1/3 of full scale, switch the range switch to the next 
| lower range. For greatest measurement accuracy, all voltage measurements should be made 
a | ona range position which permits at least 1/2 or 2/3 scale deflection of the meter pointer. 


The voltage ranges selected for the VITVM are intended to provide convenient coverage for the 
radio and TV service man. For example, the 1.5 volt range will be useful in measuring bias 
voltages, DC heater voltages, etc. The 5 and 15 volt ranges will again prove their worth in 
bias measurement functions. The 50 and 150 volt ranges will find greatest application in the 
' measurement of voltages encountered in universal or transformerless type radio circuits. The 
500 volt range can be used on conventional transformer operated power supplies found in radio 
~ and TV circuits and this voltage range eliminates the necessity for switching from one range to 
| another when measuring plate and screen supply voltages. On many occasions, the higher volt- 
| age ranges will prove useful. 


UDC accelerating potentials developed inTV receiver flyback power supply systems canbe safely 
: 4 measured through the use of the Heathkit High Voltage Probe, in conjunction ‘with the VTVM. 

_ This probe with its precision multiplier resistor mounted in a safety plastic probe housing will 
) provide a multiplication factor of 100 for the VTVM DC ranges. 30,000 volts DC is generally 
considered the safe upper limit for these measurements. 
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PART PARTS 
No. Per Kit 


Resistors 

42-48 
Y1-3 

«1-20 
¥1-23 
V2 
v1-29 
V1-35 
Vv 1-38 
1-40 
VIE7O0 


“2-38 
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Condensers 
eo l= 27, 
e21=S1 
“23-60 
V20-—5 


Controls-Switches 


Vv 10-8 

710-38 
63-79 
“63-80 


Tubes- Lamps 


“411-25 


411-40 


V412-4 
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PARTS LIST 


DESCRIPTION 


9.1 2 carbon 

100 2 carbon 

10 KQ carbon 

27 KQ carbon 

150 KQ carbon 

220 KQ carbon 

1 megohm carbon 
3.3 megohm carbon 
10 megohm carbon 
22 megohm carbon 
90 2 precision 

900 2 precision 

9 KQ precision 

10 KQ precision 

20 KQ precision 

70 KQ precision 

90 KQ precision 
150 K® precision 
200 KQ precision 
320 KQ precision 
700 KQ precision 
900 KQ precision 
900 KQ precision 1 watt 
2 megohm precision 


PART PARTS 
No. Per Kit 


Wire-Grommets 


Vv 89-1 

“341-1 
341-2 
343-1 
344-1 
~346-1 
“346-6 
“347-1 
‘aly en 


Sheet Metal Parts 


v 90-17 
v203-61F103 
\204-M69 
214-2 
4204-M84 


Hardware 
“250-8 
250-9 
v’250-19 
v250-25 
“250-31 


7 megohm precision 1 watt 252-3 
9 megohm precision 1 watt »252-7 


.005 400 v. disc ceramic 
.02 400 v. disc ceramic 
.01 1600 volt tubular 

16 pfd 150 v. 


10 KQ control 
10 KQ control 
RANGE switch 
SELECTOR switch 


12AU7 tube 
6AL5 tube 
#50 pilot lamp 


Sockets-Knobs- Feet 


“434-59 
434-60 
434-47 
462-19 
‘462-30 


| V261-1 


1 
1 
1 
2 
2 
4 


7-pin socket 
9-pin socket 
Pilot light socket 
Skirt knobs 


Knobs, small 
Rubber feet 


252-9 
2532 
“253-10 
v254-1 
v254-4 
“253-3 
Miscellaneo 
~H4-23 
7-13 
w70- 2 
vw85-9 F102 
211-1 
258-7 
v260-1 
‘407-26 
v418-1 
436-1 
“436-2 
“436-3 
“437-1 
438-3 
v438-M8 
439-1 
439-2 
695-110 


1 
1 
1 
1 
1 
2 
1 
1 
1 


1 


i 
1 


— 
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DESCRIPTION 


Line cord 

length Black test lead 

length Red test lead 

length Shielded test lead 

roll Hookup wire 

lengths Spaghetti 

length 3/8" fiberglas sleeving 
length 8-wire cable 

3/8 rubber grommet 


Cabinet and rear cover 
Front Panel 

Bracket assembly 
Battery housing cup 

Z support bracket 


#6 x 3/8 sheet metal screw 
6-32 x 3/8 screw 

10-24 x 3/8" handle screw 
Banana plug screw 

6-32 x 1/4 screw 

6-32 nut 

Control nut ~/ 

Speednut, jack 

#6 fiber shoulder washer 
Control nickel washer 
Lockwasher 

Control lockwasher 

#10 flat fiber washer | 


Power transformer 
Selenium rectifier 
Banana plug sleeve, black 
Banana plug sleeve, red 
Circuit board, complete 
Handle 

Spring, phosphor bronze 
Alligator clip 

200 wA meter 

Flashlight cell 

Phone jack 

Banana jack, black 
Banana jack, red 

Banana jack insert 

Phone plug 

Sleeve and plug assembly 
Red test prod 

Black test prod 

Manual 
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If the instrument fails to function on AC measurements only, then a check of the 6AL5 and its 
associated circuits should be made. 


If the instrument only fails to function on ohms, the difficulty will probably be due tothe battery 
(make certain the battery is making goodcontact in the bracket) or the ohms multiplier resistor 
string. If the resistor string is open at some point, the meter pointer will usually deflect tothe 
extreme right of the meter scale, regardless of the setting of the ohms adjust control. 


It is important that proper operation on DC+ or DC- should first be obtained before any attempt 
is made to use the instrument on AC or ohms. 


4. Check the operating voltages: The following voltages are measured to chassis. Pins 1 or 
6 of the 12AU7 tube or positive lug on the rectifier, 50-70 volts positive. Negative side of 


filter condenser, 60-85 volts negative. 


5. Check continuity through the DC test cable. Make certain that the shielding is not shorted 
to the center conductor or that the 1 megohm isolating resistor inside the test prod is not 
being grounded. 


6. Insufficient range of zero adjust control could indicate that possibly the wire jumper between 
pins 1 and 6 of the 12AU7 tube has been omitted. 


7. Visually inspect all construction to determine the possibility of wire cuttings or blobs of 
solder being lodged against control terminals, switch contacts, etc. 


NOTE: If circuit board is accidentally damaged by dropping, resulting incracks in the laminate, 
the following precautions should be observed. A break in the board will almost always cause a 
corresponding break inthe foil pattern. In event this shouldoccur, the foil pattern canbe easily 
repaired by bridging the foil break with a short length of bare wire. Just lay the wire right on 
‘the pattern, bend to fit foil contours if necessary, and then solder the full length of the wire. 


Alternately flexing each corner of the board slightly while the instrument is in operation will 
usually reveal whether or not a foil pattern break is present as the instrument will react in an 
erratic manner. 


The circuit board used in your VTVM is rugged and serviceable and under normal conditions of 
usage, the board does not require unusual handling precautions. However, the information sup- 
plied will be helpful in the event an accident should occur. 


REPLACEMENTS 
Material supplied with Heathkits has been carefully selected to meet design requirements and 
ordinarily will fulfill its function without difficulty. Occasionally improper instrument opera- 
tion can be traced to a faulty tube orcomponent. Should inspection reveal the necessity for re- 
placement, write to the Heath Company and supply all of the following information. 


A. Thoroughly identify the part in question by using the part number and description found in 
the manual parts list. 

B. Identify the type and model number of kit in which it is used. 

C. Mention the order number and date of purchase. 

D. Describe the nature of defect or reason for requesting replacements. 


The Heath Company will promptly supply the necessary replacement. Please do not return the 
original component until specifically requested to do so. Do not dismantle the component in 
question as this will void the guarantee. If tubes are to be returned, pack them carefully to 
prevent breakage in shipment as broken tubes are not eligible for replacement. This replace- 
ment policy does not cover the free replacement of parts that may have been broken or damaged 
through carelessness on the part of the kit builder. 
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( 4 DC TEST LEAD: The DC test lead is made by connecting the phone plug on one end of the 
shielded test lead, the inner wire conductor to the phone plug tip connection and the wire 
shield to the phone plug sleeve. On the other end, goes a small 1 megohm resistor which 
is then slipped inside the black test prod. See Figure 10. It is important that the shield 
portion of the test lead at the resistor end does not touch the resistor or solder connection. 
Do not connect the shield to anythingat this point. The only shield connection used is made 
at the phone plug end. After soldering the resistor to the inner conductor of the test lead, 
donot wrap the joint with tape of any kind as this couldcause a high resistance leakage path 
across the shield portion and the resistor lead resulting in measurement inaccuracies. 


(4 AC-OHMS TEST LEAD: The AC ohms test lead is made by connecting the red banana plug 
on one end of the red test lead and the red test prod on the other. Figure 10 shows the con- 
struction. 


| 
() Fasten the handle on the case, using two 10-24 screws. 


INSTALL FEET 
AS SHOWN 


(4 Push the rubber feet into the four holes in the bottom of the VTVM case. 


TEST AND CALIBRATION 


During the preparation of the test leads and cabinet, the VTVM has had an opportunity to warm 
up thoroughly and should now be calibrated. 


Turn the instrument off and make sure that the mechanical zero position of the meter pointer is 
correct. If not, adjust as foll@ws: 


Place the instrument in normal operating position. Turn the black plastic screw on the meter 
face with a screwdriver while gently tapping the meter face with one finger until the pointer 
coincides with the zero line on the left side of the scale. Turn the instrument on again. 


( ) Set the SELECTOR switch to DC+. Check operation of the zero adjust control. Turning 
this control should move the meter pointer to approximately half scale or slightly less. Set 
pointer to zero at the left side of the scaleand check for zero positioning when the SELEC- 
TOR switch is changed to DC-. It should be possible to obtain a zero adjust control position 
that will permit the meter pointer to remain stationary when switching through from DC+ to 
DC-. If there is an appreciable zero shift of more than two divisions on the scale, it should 
be regarded merely as an indication that additional aging of the 12AU7 tube is required. 
This aging can be obtained by leaving the instrument turned on for a period of 48 hours or 
more or through continued use of the VITVM with periodic calibration. 


DC CALIBRATE: 

Insert the common and DC test leads. Set the SELECTOR switch to DC+ and the RANGE 
Switch to 1.5 volts. Connect the test leads to the calibrated flashlight cell and adjust the 
DC CALIBRATE control sothat the meter pointer falls directly over the very small red dot 
on the meter face. Approach the red dot going up scale by turning the screwdriver cali- 
brate controland watch the meter read 1.4 volts and 1.5 volts and then the red dot. As soon 
as the red dot is reached, stop turning the DC CALIBRATE control. Remember that the 
range Switch must be set on 1.5 volts for this adjustment. 


OHMS CHECK: 

Turn off VTVM. To install the battery, start top (+) end of the battery into the battery cup 
and then pull the spring out and over the bottom (-) end of the battery. Now pushthe spring 
and the battery in under the metal brace so the spring, battery and battery cup are allin 
line. Turn on VTVM and set SELECTOR switch to OHMS. Set OHMS ADJUST for full scale 
(infinity). Insert AC-OHMS test lead and touch probe to common test clip. Meter pointer 
should drop to zero at left end of scale (no resistance). 
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PRELIMINARY NOTES AND INSTRUCTIONS 

The Heathkit model V-7A Peak-to-Peak Vacuum Tube Voltmeter is an excellent instrument and 
care used during construction will be well repaid. The construction is open and easily accom- 
[ plished but it should not be rushed, as poor workmanship can result in poor operation. 
UNPACK THE KIT CAREFULLY, EXAMINE EACH PART AND CHECK IT AGAINST THE 
PARTS LIST. In so doing, you will become acquainted with the parts. If a shortage is found, 
attach the inspection slip to your claim and notify us promptly. Hardware items are counted 
mechanically and if a few are missing, please secure them locally if at all possible. Use the 
charts on the inside covers of this manual to identify the parts. 


Read the manual completely through before starting actual construction. In this way, you will 
become familiar with the general procedure used. Study the pictorials and diagrams to get ac- 
quainted with the circuit layout and location of parts. When actually assembling and wiring, 
read the entire step through so that no suggestions will be missed. 


To facilitate describing the location of parts, tube sockets, controls, terminal strips, etc. have 
all been lettered and arecoded. All such numbering and lettering is clearly shown in the figures 
and when instructions say, for example, "wire to G3" refer to the proper figure and connect a 
wire to pin 3 of socket G. 


It is recommended that O, Z, P, etc. be actually labeled as such on the panel with a pencil. i. 
Lettering on the inside of the panel where wiring is done will reduce the possibility of making i 
wrong connections. . 


Tube socket pins are numbered as shown in Figure 5. Always read clockwise when the socket 
ki is viewed from the bottom. 


ig Read the note on soldering on the inside of the back cover. Make a good mechanical joint of each 
ta connection with clean metal to clean metal. Use only good quality rosin core radiotype solder. 
i Pastes or acids are difficult toremove and minute amounts left combine with moisture from the 
air to form a corrosive product. Weeks or months later, corrosion may result in untimely 
ti failure. 


A circuit description is included in the later section of this manual so that those with some 
knowledge of electronics will be able to obtain a clearer picture of the actual functioning of this 
instrument. It is not expected that those with little experience will understand the description 
i completely, but it should be of help in the event that they desire to become more familiar with 
the circuit operation and thus learn more from building the kit than just the placing of parts and 
wiring. 


NOTE: ALL GUARANTEES ARE VOIDED AND WE WILL NOT REPAIR OR SERVICE 
INSTRUMENTS IN WHICH ACID CORE SOLDER OR PASTE FLUXES HAVE BEEN 


USED. WHEN IN DOUBT ABOUT SOLDER, IT IS RECOMMENDED THAT A NEW 
ROLL PLAINLY MARKED "ROSIN CORE RADIO SOLDER" BE PURCHASED. 


| Small changes in parts may be made by the Heath Company. Any part supplied will work just 
i as well as the part for which it was substituted. By reading the color code on resistors for, 
l instance, it will be readily understood that a value of 51 KQ is a substitute for the specified 47 
KQ provided the specified value is not supplied. Suchchanges will be made only if the specified 
parts are unobtainable at thetime andare made toinsure a minimum delay in filling your order. 


Resistors and controls have a tolerance rating of +20% unless otherwise stated. Therefore a 
100 KQ resistor may test anywhere between 80 KQ and 120 K2. Frequently condensers show 
an even greater variation such as -50% to +100%. This Heathkit is designed to accomodate such 
variations. 
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On AC, the accuracy of the rectifier circuit contributes variations which result in accuracy of 
within 5% of full scale. Bear in mind that on the lowest AC voltage range the 1.5 volt full scale, 
extreme sensitivity will introduce additional variation through stray pickup. Therefore, on the 
1.5 volt range, it is possible that the accuracy may be in the order of 15% on AC only. 


The accuracy on the ohms range depends on the meter accuracy, the ohms multiplier accuracy 
(including the internal resistance of the batteries) and the stability of the battery voltage. On 
the RX1 scale, the internal resistance of the batteries and the battery voltage both vary asa 
result of the current drawn by the resistance under test. For greatest accuracy, tests on low 
resistance values should be made as quickly as possible. On the higher ohms range, the accur- 
acy depends practically on the multipliers which are 1% and the meter movementaccuracy, 2%. 
Because of the non-linear ohms scale, the resulting accuracy is not readily expressed in a per- 
centage figure but greatest accuracy is obtained at mid scale readings. 


NOTE: When comparing this instrument with another instrument, consider that the accuracy of 
the other instrument may deviate in the opposite direction. Therefore, when comparing two 
instruments of 5% accuracy, the total difference may be 10%. Critical comparisons should only 
be made against certified laboratory standards. 


MAINTENANCE 

With any electronic test equipment, there is always a possibility that repairs may be required. 
Information regarding the procedure to be followed can be helpful in the event that the need for 
service should develop. This information may eliminate the necessity for returning your VTVM 
to the Heath Company Factory Service Department. Bear in mind that the Factory Service De- 
partment was established for the convenience of kit builders who experience difficulty in obtain- 
ing specified performance from their kit instrument. It is not operated as an instrument main- 
tenance service, as the kit builder is qualified to make necessary repairs through his familiar- 
ity with the instrument, circuitsand design. In event specialized replacement parts are required, 
they can be obtained from the Heath Company. The majority of components used are standard 
items available from your local parts supplier. 


METER: Because of the delicate nature of the meter movement, no attempt should be made to 
repair the meter. Such attempts would automatically void the standard warranty coverage of 
the meter itself. 


METER COVER: In event the polystyrene meter cover is accidentally damaged, a replacement 
cover only is available from the Heath Company. This cover can be easily removed without 
detaching the meter from the panel. Use a small screwdriver or knife blade under one of the 
upper corners and pop off the friction fit cover. When installing a new cover, precaution should 
be observed regarding proper engagement of the mechanical zero adjust stud. If it is necessary 
to expose the meter movement to air for a period of time, protect the movement from foreign 
matter, dust, etc. by enclosing the instrument in a box or possibly a desk drawer. 


ELECTROSTATIC CHARGE: The polystyrene meter cover has been treated to resist an accu- 
mulation of static electricity. However, should a static charge accumulate through repeated 
polishing or cleaning of the meter cover, the pointer will deflect in an erratic manner, regard- 
less of whether the instrument is turned off or on. This condition can be quickly corrected. 
Obtain a small bottle of '"GLIM,"'a commercially available dish-washing detergent. Apply a 
small quantity. of Glim to a clean, soft cloth and wipe the surface of the meter cover. The ac- 
cumulated electrostatic charge will immediately disappear. It is not necessary to remove the 
cover for this correction. 


IMPROPER USAGE: Accidental improper VTVM usage, such as attempting to measure AC or 
DC voltage while the SELECTOR switch is in the OHMS position, will invariably result in failure 
of the 9.1 resistor. A replacement 9.12 5% resistor can be obtained from the Heath Company. 
A symptom of resistor failure will be slow upscale drifting of the meter pointer while the SEL- 
ECTOR switch is in the OHMS position and negligible effect of the ohms adjust control. 
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AC VOLTAGE MEASUREMENTS 
To measure AC voltage with the VTVM, connect the common (black) lead to the common or 
"cold" side of the voltage tobe measured. Set the selector switch to AC and set the range switch 
to a range greater than the voltage tobe measured if known. If unknown, set to1500 volts. With 
_ the red test prod, touch the other side or "hot''side of the voltage to be measured. If the meter 
moves less than 1/3 of full scale, switch tothe next lower range. The maximum AC voltage that 
can be safely measured with your VTVM is 1500 volts, and this limit must not be exceeded. 
The meter scales of the V-7A are calibrated inboth RMS and peak-to-peak voltages. When values 
of sine waves are measured, RMS voltages are read and the corresponding values in peak-to- 
peak volts are equal to 2.83 times the RMS voltage. If the range switch is set at 15 volts anda 
sine wave of 10 RMS volts is applied to the instrument, the meter pointer will indicate 10 RMS 
volts and 28.3 peak-to-peak volts. This direct-reading time-saving feature makes the usual 
calculation to transpose from one scale to another unnecessary. 


The Heathkit VITVM is an extremely sensitive electronic AC voltmeter and as the human body 
picks up AC when near any AC wires, the meter will indicate this pickup. Never touch the AC 
prod when on the lower ranges. Zero should be set with the AC prod shorted to the common 
clip. Because of this characteristic of extreme sensitivity, it is possible that the accuracy of 
AC measurements on the 1.5 volt scale only may vary as much as 15% and this possible devia- 
tion should be taken into consideration. On the remaining ranges, the accuracy should be well 
within the 5% specified. 


CAUTION: It is good practice to observe certain basic rules of operating procedure anytime 
voltage measurements are to be made. Always handle the test prods by the insulated housing 
only and donot touch the exposed or tip portion. The metal case of this instrument is connected 
to the ground of the internal circuit and for proper operation, the ground terminal of the instru- 
ment should always be connected to the ground of the equipment under test. There is always 
danger inherent in testing electrical equipment and therefore the user should clearly familiar- 
ize himself with the equipment under test before working on it, bearing in mind that high volt- 
ages may appear at unexpected points in defective equipment. 


When measurements are to be made at high voltage points, it is good practice to remove oper- 
ating power before connecting test leads. If this is not possible, be particularly careful to avoid 
accidental contact with nearby objects which could provide a ground return path. When working 
on high voltage circuits, play safe, keep one hand in your pocket to minimize accidental shock 
hazard and be sure to stand on a properly insulated floor or floor covering. 


Voltages encountered in the measurement range of this instrument are seldom lethal in nature 
but the secondary effects can be quite serious; such as involuntary reaction causing a fallor 
bodily injury as an indirect result of shock hazard. 


RESISTANCE MEASUREMENTS 


To measure resistance with the VTVM, connect the common (black) lead to one side of the res- 
istor or circuit to be measured. Set the selector to ohms and set the range switch to such a 
range that the reading will fall as near midscale as possible. Set the ohms adjust control sothe 
meter indicates exactly full scale (infinity on ohms scale). Then touch the red test prod to the 
other side of the resistor or circuit to be measured. Read resistance on ohms scale and multi- 
ply by the proper factor as shown by the range switch settings. 


NOTE: Although a battery is used to measure resistance, the indication is obtained through the 
electronic meter circuit and therefore the VITVM must be connected to the AC power line and 
turned on. Establish the habit of never leaving the instrument set in the ohms position as this 
could greatly shorten the life of the ohmmeter battery particularly if the test leads are accident- 
ally shorted together when lying on the service bench. 
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CIRCUIT DESCRIPTION 


The Heathkit model V-7A VTVM is intended for ‘use by service men, engineers and maintenance 
men to make accurate measurements of DC+, DC-, AC RMS values, peak-to-peak values and 
resistance measurements. Its usefulness is in the measurement of voltages and resistance in 
radio and TV work, laboratory usage andany application requiring the rapid, accurate measure- 
ment of electrical functions. The design is simple yet rugged withcomplete versatility in com- 
bining the functions of many instruments in one. 


This instrument employs vacuum tubes in all measurement functions to insure good sensitivity 
and stability. 


The sensitive 200 microamp meter movement is placed in the cathode circuit of a 12AU7 twin 
triode. The zero adjust control sets up a balance between the two sections of the triode such 
that with the zero input voltage applied tothe first grid, the voltage drop across each portion of 
the adjust control (from adjust arm to one side and adjust arm to the other side) is the same. 
This being true, the meter reads zero. With a voltage applied to the first grid, the balance in 
the cathode circuits is upsetand the meter indicates. The relationship between the test voltage 
applied to the first grid and the meter indicating current is linear and therefore the meter is 
calibrated with a linear scale. The advantage of having the meter in a vacuum tube circuit of 
this kind is that the voltages to be measured are not applied directly to the meter but rather to 
the tube. Because the tube is limited to the amountof current it can draw, the meter movement 
is electronically protected. 


The maximum test voltage which is applied tothe 12AU7 tube is about 3 volts. Higher test vol- 
tages are reduced by a voltage divider which has a total resistance of 10 megohms. An addi- 
tional resistance of 1 megohm is located in the DC test prod thereby permitting measurements 
to be made in circuits carrying RF with a minimum disturbaiice of such circuits. 


On AC measurement functions, a 6AL5 duo-diode is used as a full wave rectifier to provide a 
DC voltage proportional tothe applied AC voltage. This DC voltage is applied through the volt- 
age divider string to the tube causing the meter to indicate in the manner previously described. 
The AC voltage scales are calibrated in both RMS and peak-to-peak values. In the 1.5, 5, 15, 
50 and 150 volt positions of the range switch, the full AC voltage being measured is applied to 
the input of the 6AL5 full wave rectifier. On the 500 and 1500 volt positions of the range switch, 
a divider network reduces the applied voltage in order to limit the voltage input tothe 6AL5 toa 
safe recommended level. Under normal conditions of usage, it is not possible for voltages in 
excess of 150 volts to be applied to the 6AL5. This design feature further protects the tube and 
its associated circuits. CAUTION: Accidentally applying AC voltage in excess of 400 volts with 
the RANGE switch set at 150 volts or lower, will invariably ruin the 6AL5 tube. Always use a 
higher voltage range and then switch down to a near full scale range. 


The AC calibrate control is used so as to obtain the proper meter deflection for the applied AC 
voltage. Vacuum tubes develop a contact potential between tube elements. Such contact poten- 
tial developed into the diode would cause a slight voltage to be present at all times. This volt- 
age is cancelled out by proper application of a bucking voltage. The amount of bucking voltage 
is controlled by the AC balance control. This eliminates zero shift when switching from AC to 
DG. 


For resistance measurements, a 1.5 volt battery is connected through a string of multipliers 
and the external resistance to be tested, thus forming a voltage divider across the battery. A 
resultant portion of the battery voltage is applied to the twin triode. The meter scale is cali- 
brated in resistance for this function. 


USING THE VTVM 
The VTVM has many advantages over the non-electronic volt-ohmmeters. The greatest advan- 
tage is the high input resistance. This enables much more accurate readings to be obtained in 
high impedance circuits such as resistance coupledamplifiers, oscillator grid circuits and AVC 
networks. 
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SERVICE 


In event continued operational difficulties of the completed instrument are experienced, the fa- 
cilities of the Heath Company Service Department are at your disposal. Your instrument may 
be returned for inspection and repair for a service charge of $3.00 plus the cost of any addi- 
tional material that may be required. THIS SERVICE POLICY APPLIES ONLY TO COM- 
PLETED INSTRUMENTS CONSTRUCTED IN ACCORDANCE WITH THE INSTRUCTIONS AS 
STATED IN THE MANUAL. Instruments that are not entirely completed or instruments that 
are modified in design will not be accepted for repair. Instruments showing evidence of acid 
core solder or paste fluxes will be returned not repaired. 


The Heath Company is willing to offer its full cooperation to assist you in obtaining the proper 
operation of your instrument and therefore this factory repair service is available for a period 
of one year from the date of purchase. 


NOTE: In the event the circuit board in your VTVM has been ruined through accidental use of 
acid or paste fluxes, a convenient repair kit is available. 


This kit will consist of a new circuit board, 7-pin and 9-pin sockets, all board mounted resis- 
tors and disc ceramic condensers. The selenium rectifier, battery cup, controls, filter con- 
denser and power transformer can be salvaged with little difficulty. 


In event the RANGE and SELECTOR switches have also been damaged, replacements can be pur- 
chased from the Heath Company. 


Circuit Board Repair Kit, #R-V-7A ... $3.00 
Range Switch #63-797. 000.0% Sick 98 $2.25 
Selector Switch; #63-80.0)0 280. . e ees $2.00 


SHIPPING INSTRUC TIONS 

Before returning a unit for service, be sure that all parts are securely mounted. Attach a tag 
to the instrument giving name, address and trouble experienced. Pack ina rugged container , 
preferably wood, using at least three inches of shredded newspaper or excelsior on all sides. 
DO NOT SHIP IN THE ORIGINAL KIT CARTON AS THIS CARTON IS NOT CONSIDERED 
ADEQUATE FOR SAFE SHIPMENT OF THE COMPLETED INSTRUMENT. Ship by prepaid 
express if possible. Return shipment will be made by express collect. Note that a carrier 
cannot be held liable for damage in transit if packing, in HIS OPINION, is insufficient. 


SPECIFICATIONS 


-All prices are subject to change without notice. The Heath Company reserves the right to dis- 


continue instruments and to change specifications at any time without incurring any obligation 
to incorporate new features in instruments previously sold. 


WARRANTY 


The Heath Company limits its warranty of parts supplied with any kit to a period of three (3) 
months from the date of purchase. Replacement will be made only when said part is returned 
postpaid, with prior permission and in the judgment of the Heath Company was defective at the 
time of sale. This warranty does notextend to any Heathkits which have been subjected to mis- 
use, neglect, accident and improper installation or applications. Material supplied with a kit 
shall not be considered as defective, even though not in exact accordance with specifications, if 
it substantially fulfills performance requirements. This warranty is not transferable and ap- 
plies only to the original purchaser. This warranty is in lieu of all other warranties and the 
Heath Company neither assumes nor authorizes any other person to assume for them any other 
liability in connection with the sale of Heathkits. 


The assembler is urged to follow the instructions exactly as provided. The Heath Company as- 


sumes no responsibility or liability for any damages or injuries sustained in the assembly of 
the device or in the operation of the completed instrument. 
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AC CALIBRATE: 
Temporarily remove AC OHMS test lead. Set RANGE switch to 1.5 volts and SELECTOR 
switch to AC. Adjust AC BALANCE control so no movement is noticed in the pointer when 
switching from AC through DC- to DC+. Now set RANGE switch to 150 volts and the SEL- 
ECTOR switch to AC. Reinsert AC ohms lead. Connect AC ohms and common lead to the 
117 volt AC line. 


WARNING: 117 volt AC line is dangerous. Proceed with due care. 


Adjust AC CALIBRATE control until pointer indicates the line voltage (117 volts AC). 


AGING 
It is recommended that the tubes be aged before final calibration. This is accomplished by 
keeping the instrument turned on for a period of at least 48 hours. Final calibration should be 
done in the same way as the initial calibration. Careful calibration will result ina more ac- 
curate instrument. If a standard AC meter is available, it is desirable to use such an instru- 
ment preferably at a voltage near full scale on the VTVM as for instance, 140 volts or 40 volts 
on the 150 volt or 50 volt range respectively. 


One of the major advantages of kit form instrument construction is that the kit builder becomes 
thoroughly familiarized with calibration procedure and is therefore in an excellent position to 
periodically check VTVM operating accuracy instead of assuming that usual factory instrument 
calibration is still valid. 


Please bear in mind that any fresh stock flashlight battery will actually measure 1.55 volts and 
can be used for calibrating purposes. The battery supplied with your VTVM was individually 
checked for proper voltage and marked accordingly as a precautionary measure. It is evident 
that it will not be necessary for the kit purchaser to obtain a specially calibrated battery from 
the Heath Company when battery replacement is required. Any standard brand fresh stock bat- 
tery will serve the purpose. 


After final calibration, place the instrument in the cabinet and install the two #6 sheet metal 
screws through the back and into the bracket. The instrument is now ready for use. The power 
consumption of the VT VM is very lowand there is no objection to leaving the instrument on con- 
tinuously during the daily work period rather than turning it off each time a measurement function 
is completed. Daily operation for a periodof several hours or more will also serve the purpose 
of eliminating possible moisture accumulation. 


IN CASE OF DIFFICULTY 


In event the instrument does not perform properly and calibration procedure cannot be obtained 
in the manner described, we would suggest that you observe the following check procedure. 


1. Recheck all wiring to the RANGE and SELECTOR switches and make sure that all connec- 
tions are properly made. Most cases of trouble result from improper or reversed con- 
nections. Often having a friend check the wiring will reveal a mistake that is consistently 
overlooked. 


2. Check the 6AL5 and 12AU7 tubes. If possible, check tube performance in the VTVM circuit 
by substitution with tubes known tobe in good operating condition. Tubes used in this VTVM 
do not require special selection and their replacement should not present a problem. 


3. If the meter pointer swings full scale to the right and stays there with SELECTOR switch 


at DC+, check for an open circuit or high resistance connection somewhere between the 
grid pin 2 of the 12AU7 tube and ground. This condition might be due to a wrong connection 
to the SELECTOR switch, a poor connection or possibly an open resistor. 
If the instrument does not operate on any function, a check of the power supply, the 12AU7 tube 
and its associated meter circuit is suggested. 
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KA Connect remaining line cord wire to "line" on circuit board (S). 


cy Connect remaining black transformer wire to S27 (S). 


IMPORTANT WARNING: MINIATURE TUBES CAN BE EASILY DAMAGED WHEN 
PLUGGING THEM INTO THEIR SOCKETS. THEREFORE, USE EXTREME CARE WHEN 


| 

| INSTALLING THEM. WE DO NOT GUARANTEE OR REPLACE MINIATURE TUBES 
_ || BROKEN DURING INSTALLATION. 
' 7 


Hartt 

(“) Install tubes in their respective sockets as shown in Pictorial 4. Install dial knobs on con- Ge 

trol shafts. The two larger knobs being installed on the RANGE and SELECTOR switch 

shafts while the two smaller knobs are installed on the OHMS ADJUST and ZERO ADJUST f 
control shafts. 


Carefully inspect instrument construction and check dress or arrangement of all wiring. Be 
sure that wiring or components are not positioned in such a manner that short circuits may 
occur. Check all solder points to make sure that necessary solder connections have been made. so 
} Shake out all loose wire cuttings, insulation and other debris that may have accumulated during 
the assembly of the instrument. 


PRELIMINARY TEST 


Plug the VTVM line cord into a 117 volt 60 cycle AC source. Do not attempt to use the instru- 
ment on DC or 25 cycle supply as serious damage will result. Switch the selector knob to the 
DC+ or DC- position and the range switch to the 1 1/2 volt position. The tubes and pilot light 
should light. Within 15 or 20 seconds of warmup time, there should be some degree of zero 
adjust control action, which will permit the meter pointer to deflect over a limited range of the 
dial. During the preliminary warmup assembly, check the instrument assembly very carefully 
for any indication of overheating which would result fromerrors in construction. Assuming that 
the instrument will respond in the manner indicated, it will be safe to leave it turnedon to thor- 
oughly warm up while the balance of the kit project is completed. This will consist of test lead 
preparation and cabinet assembly. 


PREPARATION OF TEST LEADS 
COMMONSELES MLEA Ome cet 


SOLDER BLACK WIRE 


O,Gagh Go la tE A.D 


SHIELD 
STRIP OFF OUTSIDE RUBBER copes §& SHIELD FROM HERE 


BLACK TEST PROD ye \ 
| MEG, RESISTOR SHIELDED TEST LEAD INNER CONDUCTOR 
(BROWN-BLACK- GREEN) 


Figure 10 
A.C.-OHMS TEST LEAD Pa ne 


RED TEST PROD RED WIRE 


(¥) COMMON TEST LEAD: The common test lead is made by connecting the black banana plug 
on one end of the black test lead and an alligator clip on the other. Figure 10 shows the 
detail. The banana plug is assembled by slipping the black insulator sleeve over the bush- 
ing of the brass banana plug insert and fastening with the small special screw provided. 
Before inserting the test lead end, the stripped portion of the test lead wire should be 
tinned. 
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hess of the mounting nuts on the last wafer. They should be snug 
_ without excessive strain. 


_tip preferred. Avoid excessive use of solder or flux. Do not 


_ The range switch canbe conveniently wired before panel mounting. 
_ Study Figure 1 for proper oftientation and switch lug designation. 


RANGE SWITCH ASSEMBLY 


The range switch is the very heart of the VTVM multiplier circuit 
and careful workmanship here will reward the kit builder with 
trouble-free performance. This switch has been especially de- 
signed for the Heathkit VTVM. It is important that solder con- 
nections be well made witha clean, hot, well tinned iron, small 


overheat or burn the switch wafers. Complete absence of any 
potential leakage path is desirable. The switch assembly is en- 
tirely logical and the step-by-step procedure should be carefully 
followed. Take your time, be sure ofeach step and do a good job. 


The range switch is the long, 3-deck rotary switch, part #63-79. 
Inspect the switch for alignment by holdingit vertically and sight- 
ing from one side to determine if the switch shaft and stacked 
tubular wafer separators are all parallel to each other. If the 
assembly is misaligned, probably due to handling or shipping , 
alignment should be restored before proceeding with the work. 
This can be accomplished by holding the metal detent wafer at the 
shaft end in one hand and firmly twisting the SPACERS on the 
switch deck with the other hand. After aligning, check the tight- 


RANGE SWITCH WIRING 


Switch lug marking follows a definite pattern. The three decks ; 
front (deck #1), center (deck #2), and rear (deck #3) are all 12- 


_ position wafers and terminals will be designated as follows: 


Front deck, #1 numbered from 1 to 12; Center deck, #2 from 13 RANGE SWITCH 


to 24; Rear deck, #3 from 25 to 36. NOTE: Before wiring, be NUMBERING SYSTEM 


sure your switch agrees with the terminal arrangement shown in 
Figure 1 and described below. 
Lug numbering will be called out in clockwise rotation commencing with the frontdeck. There- 


fore, R1 will be the front deck lug as identified in Figure 1. The next position, normally R2, is 
_ blank followed in continuous succession by R3, R4, etc. Note that on the first deck #1 contact 
surfaces appear on both sides of the deck. Whereas the remaining decks #2 and #3, the contacts 
are all on one side of the wafer. 


During assembly procedure, mount resistors so that the printed values are visible. This is 


good practice and will be helpful in the event trouble shooting is required. Trim excess resistor 


_lead length andcrimp the lead ends aroung the switch lug for good mechanical connection. Avoid 
undue strain on the switch lug itself so that the rivet mounting will not become loosened. Use 
insulated sleeving whenever bare wire is adjacent tothe switch frame or the possibility of short- 


ing to adjacent wiring exists. 


Check off each step in the space provided (V) as it is completed. 


(S) means solder the connection. (NS) means do not solder yet. 


USE ROSIN CORE SOLDER ONLY. SEE SOLDER NOTE ON PAGE 4. 


Successful instrument construction requires close observance of the step-by-step procedure 
outlined in this manual. For your convenience, many illustrations are repeated in large size 
fold-in sheets. It is suggested that these sheets be fastened to the wall over your work area for 
reference purposes during instrument construction. 
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Figure 1 
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INTRODUCTION 


This Heathkit model V-7A VTVM represents the first kit instrument using a prewired, prefabri- 
cated printedcircuit board in its design. The advantages of this circuit boarduse are numerous 
and it might be helpful to discuss them briefly before actually entering into kit construction. 
The printedcircuit process itself is very interesting andan outline of the basic method involved 
will provide a much better understanding of the entire project. 


The printed circuit board is actually nothing more than an insulating material on which a metal 
conductor pattern has been prepared. This metalconductor pattern replaces virtually all of the 
wiring usually associated withconventionalchassis construction. The labor saving thus attained 
represents one of the principal advantages of printed circuit use. Other advantages are exact 
duplication of engineering development model, elimination of construction variations due to in- 
dividual assembly techniques, more compact efficient construction and reduced margin of error. 


There are many methods by which the metal conductor pattern is obtained and at the present 
time, the etching of a copper clad laminated phenolic board appears to be the most logical and 
flexible one. Usually”a copper clad surface is subjected to a printing process such as is used in 
photography, silk screen, offset printing, etc. After printing, the unwanted metal not protected 
by the printing pattern is etched away leaving the desired pattern. 


Generally speaking, the same soldering techniques with which you are already familiar will 
apply. It is recommended that a smaller soldering iron with a small tip be used. Irons in the 
range of 25or 50 watts are entirely adequate. Soldering pencils are ideal for this work. Quick 
heating solder guns can be used but some precaution should be observed regarding the possibility 
of overheating. Overheating will damage the copper foil or the board and the practice itself 
should be discouraged in this assembly technique. Should the circuit board become overheated 
through soldering, the condition will be immediately evident by a distinctly audible "frying" or 
Berackline.( 


It is merely necessary to heat the solder joint quickly, apply a small amount of solder and as 
soon as a bright flow of solder indicates a good connection or electrical bond, the heat should be 
removed. Solder requirements are not critical and either 60-40 or 40-60 (tin versus lead con- 
tent) can be used successfully. It is recommended that only a good grade of rosin core solder 
be specified for printed circuit work. The use of acid core solder or solder with corrosive 
fluxes will render the circuit board completely useless. DO NOT USE SOLDER PASTES. 


You will note that on the reverse side of the circuit board, a silk screening process actually 
designates the placement of components and identifies them by electrical value. To install a 
condenser or resistor, it is merely necessary to hold the component in one hand and bend both 
leads downward with the other hand forming a U-shaped unit. Then it is merely necessary to 
insert the leads through the openings providedand place the resistor or condenser directly over 
the designated area on the board. Spread the leads slightly so as to keep the units in place and 
prevent shifting. Usually many components can be mounted and then a number of soldered con- 
nections can be made without requiring frequent handling or turning of the board. After making 
the solder connection, the remaining leads should be trimmed off close to the board. 


Tube sockets are mounted in a similar manner by inserting the socket pins in the circuit board 
cutout provided and properly aligning the socket. The pins can then be quickly soldered to the 
corresponding terminals for good electrical connection and at the same time provide adequate 
mechanical construction. 


A properly prepared circuit board will provide many years of trouble-free service. There will 
be no deterioration of electrical connections or continuity of circuits and of course no separation 
of the copper and laminate. Your Heathkit represents the most widely accepted VTVM in the 
electronicsindustry. Properly constructed and intelligently used, it will provide many years of 
accurate trouble-free measurement service. 
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- HEATHKIT VACUUM TUBE VOLTMETER 


MODEL V-7A 


ConDen 


SPECIFICATIONS 
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0-1.5, 5, 15, 50, 150, 500, 1500 volts full scale, 
with accessory probe to 30, 000 volts 

11 megohms (1 megohm in probe) On all ranges, 
1,100 megohms with accessory probe 
7,333,333 ohms per volt on 1.5 volt range 
Balanced bridge (push-pull) using twin triode 
+3% full scale 


0-1.5, 5, 15, 50, 150, 500, 1500 scales reading 
R.M.S. (.707 of positive peak) 


.. £1 db 42 cps to 7.2 mc (600 Q source). 


+5% full scale 
0-4, 14, 40, 140, 400, 1400, 4000 


Scale with 10 ohms center X1, X10, X100, X1000, 
X10K, X100K, XIMEG. Measures .1 ohmto 1000 
megohms with internal battery 

4 1/2"' 200 uA movement, Polystyrene case 

1% precision type 

Printed circuit, etched metal process 3 /32'' XXP 
laminated phenolic .00135 copper foil 

1 - 12AU7, twin triode meter bridge 

1 - 6AL5, twin diode full wave AC’rectifier 

1 1/2 volt flashlight cell 

7 3/8" high x 4 11/16" wide x 4 1/8" deep 
charcoal grey panel, feather grey cabinet 

7 lbs. 

105-125 volt 50-60 cycle AC 10 watts 
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ASSEMBLY AND OPERATION OF THE 
HEATHKIT VARIABLE FREQUENCY | 
OSCILLATOR 


MODEL VF-1 | 


SPECIFICATIONS 


Output Frequencies. ........6...eeeeeeeeee+ 1750-2000, 7000-7425, 6740-6808 
Calibrated Bands. ..........eeceeeeeececeees 160-80-40-20-15-11-10 
RE Output. pens ssdscrssscasesckessseessee- Approximately 10 volts 
Tube Complement. .....5.05secseccnsesesee- GAUG -Oscillator 

OA2 - Voltage Regulator 
Power Requirements.............++se++++++ 6.3 V AC at.45A, 250-350 DC at 15-20 MA 
Cabinet Size. ici ysclsdcrbawhetcscastecsores 7” high x 6.1/2" wide x, 7" deep 


Net Weight. .ccbscctesisicsctcccisecess sss (4 Ibs. ‘. 
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INTRODUCTION 


The Heathkit model VF-1 Variable Frequency Oscillator was designed to provide the Ham Fra- 
ternity with an economical, yet very stable, VFO which is so necessary for operation in today's 
{ crowded bands. It has sufficient output to drive any multi-stage transmitter of modern design 

on all bands from 160 through 10 meters. If operation of the 6 or 2 meter bands is desired, the 

11 meter padder condenser may be adjusted to give fundamental frequencies down to 6 mc from 

the VFO. With suitable doubling, the 6 and 2 meter bands may be operated with the 8th or 24th 

harmonic of the VFO. Pd 


| The VF-1 is wired to operate with the Heathkit AT-1 Transmitter by merely plugging into the 
proper receptacles on the AT-1. With any other transmitter, simple adapters can be used to 
obtain the necessary connections. 


CIRCUIT DESCRIPTION 


The primary consideration in the designof any device which determines the operating frequency 
of a transmitter is stability. Stability in turn is dependent upon both the electrical and mechan- 
ical characteristics of the unit. Mechanical stability may be defined as freedom from vibration 
or any movement of the frequency determining components. Electrical stability means that the 
electrical characteristic of the components must not change during circuit operation. Neither of 
these conditions can be completely obtained but certain precautions can be taken to minimize 
mechanical instability and most forms of electrical instability can be compensated for. 


The quartz crystal "rock" has excellent frequency stability because its small size and rigid 
mounting practically preclude mechanical instability and if operated at the moderate grid cur- 
rents characteristic to small tetrode or pentode tubes, the heating effect of RF currents is small 
and has little effect upon frequency. However, the crystaloscillator gives no freedom of move- 
| ment, consequently the self-excited oscillator has returned to the fold in new dress. 


} Mechanical stability in the Heathkit VFO has been achieved in the following manner. The coils 
are wound on heavy ceramic forms using litz or double cellulose wire then coated with Q-Max 
: and baked. Double bearing construction is used on the tuning capacitor and both coils and capac- 
itor mounted on a sub-assembly to make them independent of the panel. The frequency deter- 
mining components are enclosed in a separate compartment to maintain rigidity, shielding and 
4 isolation from the hotter elements of the circuit. The padding and temperature compensating 
capacitors are also mountedon orin thiscompartment, thus maintaining all the frequency deter- 
| mining components at the same temperature. 


4 One of the primary electrical causes of frequency shift in self-excited oscillators is due to 
changes in tube capacitance with applied filament and plate voltage. There are two basic meth- 
ods used to lessen this effect. (1) Swamp the tuned circuit with a large amount of capacity so 
that any change in tube capacitance will be small by comparison (high C VFO). (2) Present a 
very low impedance tuned circuit for the tube grid to look into (series tuned Colpitts or Clapp 
oscillator). 


The Heathkit VF-1 uses the series tuned Colpitts circuit which besides having the low impedance 
tuned circuit, also contains a considerable amount of swamping capacity in the form of a capac- 
itive voltage divider. This voltage divider, consisting of two 510 puf capacitors, is necessary 
in a Colpitts circuit to supply in-phase voltage from the grid to cathode to maintain oscillation. 
The seriestuned circuit of the VF-1 consists of two separate coils and two separate stator sec- 
tions of a differential capacitor to develop the basic output frequencies. By using two tuned 
circuits, a better LC ratio and bandspread is obtained over a wide range. Padder capacitors 
are placed in parallel with the sections of the differential tuning capacitor for adjustment and 
an additional padder capacitor is switched in to cover the il meter range. Rigidly mounted iron 
core slugs compensate for small variations of coil inductance and ceramic temperature com- 
pensating capacitors correct the frequency deviation due to coil heating. 
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The 6AU6 tube operating in a Clapp oscillator circuit is also operating as an electron coupled 
oscillator. In this circuit the tube's screen grid acts as the plate of the oscillator circuit with 
its voltage stabilized at 150 volts by the OA2 voltage regulator tube. The tube plate is coupled 
to the oscillator section only by the electron stream and further isolated by grounding the sup- 
pressor grid. Thus the plate circuit operates substantially independent in relation to the oscil- 
lator section of the tube. This increases the isolation between the oscillator and the following 
load and minimizes the effect of loading upon frequency. 


The use of slug-tuned coils in the plate circuit of the 6AU6 provides relatively broad banding yet 
maintains a fairly high output. Two coils are operated in series for the lower frequency bands. 
The higher inductance coil is shorted out when operating on higher bands. 


The VFO output is capacitively coupled through a 502 coaxialcable to the transmitter. A plas- 
tic plug which will fit 1/2" spaced crystal sockets is furnished with the kit. If so desired, the 
builder can substitute a coaxial plug without any ill effects to VFO operation. Power for the 
VF-1 is obtained from the transmitter or an auxiliary source by means of a 3-wire shielded 
cable and an octal plug. The octal plug wiring shown in the manual is designed to fit the Heath- 
kit AT-1 Transmitter. It may be changed to fit any other transmitter that the builder may have. 


NOTES ON ASSEMBLY AND WIRING 


The Heathkit model VF-1 Variable Frequency Oscillator when constructed by carefully following 
the instructions set forth in this manual, will result in a highly stable and reliable VFO capable 
of years of trouble-free service. All of the components furnished with the VF-1 are of.the high- 
est quality and should last indefinitely under normal service. Tubes may have to be replaced 
after their normal lifetime but due to the type of circuit used, this will have very little effect 
upon calibration. 


The VF-1 is easily constructed and can be completed in a fairly short time. However, the very 
nature of the instrument is such that the highest quality of workmanship should be exercised in 
its construction. We therefore urge you to takethe necessary time to assemble and wire the kit 
carefully. Do not hurry the workand you will be rewarded with a VFO thatcan be entrusted with 
the frequency control of your transmitter. 


This manual is supplied to assist you in every way to complete the VFO with the least possible 
chance for error. We suggest that you take a few minutes now and read the entire manual 
through before any work is started. This will enable you to proceed with the work much faster 
when construction is started. ‘The large fold-in pictorials are handy to attach to the wall above 
your work space. Their use will greatly simplify the completion of the kit. These diagrams 
are repeated insmaller form within the manual. We suggest that you retain the manual in your 
files for future reference, both in the use of the VFO and for its maintenance. 


UNPACK THE KIT CAREFULLY AND CHECK EACH PART AGAINST THE PARTS LIST. In 
so doing you will become acquainted with each part. Refer to the charts and other information 
shown on the inside cover of the manual to help you to identify any parts about which there may 
be a question. If some shortage is found in checking the parts, please notify us promptly and 
return the inspection slip with your letter to us. Hardware items are counted by weightand if a 
few are missing, please obtain them locally if at all possible. 


Read the note on soldering on the inside of the back cover. Crimp all leads tightly to the ter- 
minal before soldering. Be sure both the lead and terminal are free of wax, corrosion or other 
foreign substances. Use only the best rosin core solder, preferably a type containing the new 
activated fluxes such as Kester ''Resin-Five, '' Ersin ''Multicore" or similar types. 


NOTE: ALL GUARANTEES ARE VOIDED AND WE WILL NOT REPAIR OR .SERVICE 
INSTRUMENTS IN WHICH ACID CORE SOLDER OR PASTE FLUXES HAVE BEEN 


USED. WHEN IN DOUBT ABOUT SOLDER, IT IS RECOMMENDED THAT A NEW 
ROLL PLAINLY MARKED "ROSIN CORE RADIO SOLDER" BE PURCHASED. 
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ISOKHY 1600 KHZ 
CALIBRATION 

If the kit constructor has access to one of the LM or BC frequency standards they are excellent 
for calibration. The other alternative is to accumulate as many crystals in the bands concerned 
as possible. The crystals preferably should be near the edge of the bands. A separate oscillator 
circuit for the crystals will be necessary so that both crystal oscillator and VFO can be beat 
against each other in the receiver. Before beginning calibration, allow the VF-1, crystal os- 
cillator, frequency meter and receiver to warm up for one-half hour or more. If a BC 221 fre- 
quency meter or equivalent is used (do not use ordinary radio service generators) it should be 
set to 1750 ke. If a crystal oscillator is used, have the frequency as near as possible to 1750 
or 3500 kc. 


Set VF-1 dial to 1750 or to the crystal frequency used with the VF-1 bandswitch in the 160-80- 
40 meter position. Insert an insulated screwdriver type tuning wand through the right-hand hole 
on top of the cabinet as viewed from the front and engage the trimmer capacitor under the hole. 
Using the trimmer capacitor, tune the VF-1 for zero beat with the standard as heard in the re- 
ceiver with the BFO off. The trimmer capacitors are very critical in tuning and tend to drift 
for a second after being moved sotune with extreme care and withdraw the wand for final checking. 


Using the frequency meter or another crystal, check the dial at the high frequency end of the 
band. If the dial reading is higher than the actual frequency, screw in the slug on the same side 
as the trimmer capacitor. The slugs are accessible through the holes in the rear of the cab- 
inet. Readjust the trimmer to read correctly at the high end of the dial and check frequency at 
the low end. If dial reads lower than actual frequency, screw slug in further and recheck. It 
may be necessary to repeat the steps several times before both ends of the dial read correctly. 
However, when they dothe in-between calibration will have a high degree of accuracy. Inserting 
the slug further into the coil decreases the dial spread for a given frequency range. 


After aligning the frequency to the dial in the step above, tune the VF-1i to about the mid-scale 
point and peak its output by adjusting the low frequency output coil. This adjustment is made by 
tuning the slug which is accessible at the rear top cabinet hole. The grid meter reading on the 
transmitter will indicate peak output. If the coil is very far off resonance, it will probably be 
necessary to slightly retune the trimmer capacitor. It should be rechecked at any rate. 


When the low frequency range is calibrated to your satisfaction, switch to the 40-20-10 position 
and repeat the above steps using a 7 to 7.3 mc standard or appropriate crystals. The left-hand 
top cabinet hole will give access to the high frequency trimmer, the rear cabinet hole access to 
the slug, and the rear bottom cabinet hole access to the output coil. The last turn on the high 
frequency coil may have to be moved in extreme cases where the slug does not cover enough 
range. Moving turn closer tothe winding duplicates screwing the slug in further and vice versa. 


For 11 meter calibration, the frequency standard or crystals must operate at 6740 to 6808 kc. 
The trimmer is accessible through the front bottom cabinet hole. The switch must be in the 11 
meter position. 


After the VF-1 has been completely calibrated, remove from cabinet and tighten the nuts on the 
slug shaft against the bushings and replace in cabinet. 
The VF-1 will holdcalibration over a long time if properly cared for. However, any VFO should 
be checked for calibration from time to time. Remember, a VFO is by no means a frequency 
standard and if operation very close to a band edge is desired, a constant check must be kept 
upon its frequency. 

VFO OPERATION 
By means of the OFF-STANDBY-ON switch, the VF-1 may be controlled independently of the 
transmitter or controlled by the transmitter. Thus with the key up on the transmitter, the VF-1 
can be operated alone for tuning purposes, and incidentally, should be. It is definitely bad oper- 
ating procedure to swish a VFO across the band with the entire transmitter following it. This 
causes needless interference to other stations. The VFO alone should be set tothe desired fre- 
quency, THEN quickly tune the transmitter to resonance at the new frequency. This procedure 
produces far less interference and will not classify you as a "lid" among your fellow hams. 


Page 17 


SEF TT TS RIN NTN TES NT ETE IT TT Ty 


a 


=, ae - wl ra hy a +h 7 Sy Sy 


: » 
th my 


we “be eS ee ee ee ee ee ee eee 


idk 
~ysage neni Sues ; 
i el Con ar 
' rm 
he eer) sm OE 5. 
ea “te ed? ehtabamle one gi 130 WLS eA io. gum OF d6eo4te oad ret ter thanos ne a a 
card will el @lajeaso Lari. ¥ . sage oe 2) at *Yahare aija vottp aft Pena betirrda 
Dp jeheqgen «A .wbead exis lo ygbe acii senn 4d hha OW Lorin wiping RMT 2 
seo CY be idee intwee) diced ladias (7eaRenen 8 ite ‘RNase OF 
» fetaet4s 22A9V i ella wei cietiog aiianieed! caple -oahea ant cd vide 

rei FRE 4 6 © witt lined-edo 10) by rw ot vowbnes tes cpa Goma 
ts i faqad; vay ; for 5) wee wt jyolevteys ao ‘twit 4 
j 8: BK e Yarnigeritads 49 . at rorabitenn (etayns aa vA PIPES 
, eh ’ . yily ~ ore 

hy Shy } Kida 
lie Soay vor ‘ ini oes sy a ren “i dag® 54% 10 ; 
DiKy 4 avi weviaberide hetelu qe ac Yrrent. ah wt oti ¢ sh 
orks od} yyeee Bee laos} o i) Beware am enietory ont ante 
j had « bs ht £-SV et) na? piengne sand ot 
~ ar ths ‘Sense Hioagey sec. Sat? | Metag ads tie wets 
iy ' it wothilie ons > i yditwcenut of ravine J wited toe ne BY ; 


¢ 


‘ Me 1 Pane a Se 4 
vt) a yu RE ee ay | “teay cally ‘aiuyT® fading 9 talim eoeunpe yt gar 
yhiz * k arts t a woe |! sant) aeutyid ‘ witewern 1 bot 

P } och te : fi dhgaeredt® Mitty pws agele oft ertoages. ceoninar 


Sven hava dd 0 Be a oskd 97409 Bags ct Tyinewerd Sat tena 

i es ] ;% ‘ L i a | : : ee aR OM “o i wbaw iath i. 7 Dive -w 7 a 
aye ri ant to us Mi wantod eyuriy Corie aghe ail cyan bt YaseAaan With 

‘ ' ¢ . r . ha eesidarnel ieerd ied eat rT) dis pu ? 

» og r j ih 11 tay yo & eh Oe mh wit " oink Tle mat aot 

; ; 5 ae Se ve. ay a 
wows ber juutls Gt FAV t Laity alt ws qnae aol adt aritngile yor 

hem ni i be ttt 1 } wi) golten lbs yl jag Hien wil ag Des Jn <i. 

w4 ; Y  \hted ; i) Aa sina ons K) Gaboe Sede oat geinel 

, te ; pay 

i ‘ PEL Apa ahertt sth Tiger notte _ 


Lp Petwlsvinal cat iytw > pada) ee? ama ebgita aren ’ 
> 7 aT) 

. : . rast po baleidies on we'L Pet: opie wel wd 
Ya ude Un Pal -F2 ols oie ngewe forges 

" virgin! (args tat a ) O08 neeone webs Line of 

vy ude” view: oboe pingy apoftod ae py 

: y i: me 4 ae rae ‘ Pipe ae | ad ‘et ave’ ‘per > cn 

és pane 5 hse why bi etl we pos giana! sql of Tarot mes = 


> 
& 


; n)h, 
‘ ’ ey ier’ 
Big tn etna five inet oan rr 
1h tt st Seer odie oa \alwt pes ros freer Wh (arte wawove oh. 
i oy = 5 ‘ Sool 
a re, cs y _ ‘ 
y ys ee ar 4 * ‘ re 3 wy Me : ° 
t y dagen we” wong rr eh SP ett mee vent) & 2 ws Ait te) ice oR wi 


‘ , J ; ‘ ithe 4 oRiWeT? I ¢ boa! apelecbind eat 
2 \ ' » . 


twode OT) Cae eve. 00) bimap glrogtteg Tt equ) gaol ® send eollentiles 
roe : wont ed of OAY K eocderemalt wis oF pects curate dies 
A Ser Mondo Denon RIO Sas I le 


Bete ; a MUTATETO ¢ eH" che in 
a - el monexjsbnl belleviges 4 qeon 1-V etd holies MEN EEA 
em fs Wed! ,29Tthéo megs ath? Oy apy, Weak nel Ay 'T oj beage? eat ye 
i rege bad yiviteileh ai S sad Muse etbata Sond bas ~wonouiby giant 10 


‘ ty aM? db aedwell ve vatleaeeaian Pulte, oat) liw tee | ome wy ope 
i i; ru 1 Oe RD iain irs Ponty, eons biotaly, ole. OFF axl vee ; 
ee ene ulorig mid corn) woe ae Me soagnosey ad © 
iy a ve by, ae a wollgl wae i aa al #6 yOR Yilabelo Jog 
a ‘ the f “A 


iA Zale p +) are precrerominsi in 

J Lar a, te 4 we 

Me SE A aes yy 

ae Bis faa We beatae cy et 
a a ee le Pe 

iv pt ne Fa Ai ¥ 


As was mentioned previously, crowding the band edges is not recommended unless a positive 
and constant check upon frequency is maintained. Particularly with a phone transmitter where 
the sidebands may run three or more kc over and under the base frequency. Even a single side- 
band transmitter can put some hash on the undesired sideband and create signals outside of the 
amateur band. / 


When plugging the VFO output into a crystal socket, be sure that the "hot" lead or center wire 
of the VFO plug is connected tothe grid side of the crystal socket. If the VF-1 tends to overdrive 
the crystal stage, swamping resistance can be connected across the crystal socket. 


The transmitter used in conjunction with the VF-1 must be free of parasitics or any tendency 
toward self-oscillation and must have the equivalent input power sensitivity of the average crystal 
oscillator stage. 


IN CASE OF DIFFICULTY 


Mistakes in wiring are the most common cause of difficulty. Consequently, the first step is to 
recheck all wiring against the pictorials and the schematic diagrams. Often having a friend 
check the wiring will locate an error consistently overlooked. 


Also, with miniature sockets there is a possibility of shorts between adjacent socket terminals 
due tothe close spacing. This should be checked and if any doubt exists, the terminal should be 
pried apart until obvious spacing can be seen between them. 


Sometimes apparently good solder connections will have an insulating coating of rosin between the 
wire, terminalandsolder. This is oftenthe case when insufficient heat was applied in soldering. 
An ohmmeter check of connections, WITH ALL VOLTAGES OFF, will test this condition. 


A voltage check at tube socket terminals will often indicate the reason for faulty operation. A 
table of voltages is shown below. These voltages were measured with a 20,000 ohm per volt 
multimeter, during VF-1 operation with the Heathkit AT-1 Transmitter. 


Range Switch 
160-80-40 


Range Switch 


40-20-15-10 


NOTE: A VTVM should not be used to measure voltage asthe presence of RF will invalidate the 
reading obtained. If a different source of power supplies the VF-1, the voltages in columns 1, 
5 and 7 of socket A (6AU6) will change accordingly. 


In the event that the voltages test approximately as shown and the VF-1 still will not oscillate, 
look for a possible short from tuning capacitor stator to ground or grounds at pins 1 or 7 of 
socket A. Also be sure that the 2.2 KQ and 22 KQ resistors are not reversed and that the 1.1 
mh RF choke or the key jack does not present an open circuit to the tube cathode. ~ 
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ASSEMBLY AND OPERATION OF THE 
HEATHKIT AMATEUR TRANSMITTER 


MODEL AT-1 


SPECIFICATIONS 


RF*‘Amplifier Power Inputiv.g: <ceva. oeid ee te ee 20-30 Watts 

Output Connection... 4 a. vertices dacs s vases eieete as, 02 Ohm Coaxial Cable 

Oscillator’ Operation....... Br seo a be sme o oes eee es, Crystal, can be operated. by.a VFO 
Amplifier Operation. .......MP@Pwsie sd... osc. ih oe ECW, can be modulated for phone 


Band Coverage. .... sees ssseeee cence eeseeneees 80, 40, 20, 15, 11, ‘10 Meters 
‘Tube Compiement. 


PAI See ale MO eee sae Wiehe 6400 04 cise ce bake a RECtifier 
CAGT. oven cys cscs c sees esceveececstsvceseses Oscillator - Multiplier 
BS Eee le: pee me ghee Tet Amplifier - Doubler 
Power Pommivementsy so. are ik ok lie dawn 105-125 50/60 Cycle, 100 Watts 


Cabinet Size... se cece eee cece ee eee eee pee eee eB 1/8" high x 13 1/8'' wide x 7" deep « 
Nets Weig ities ea hee ae aC ee oes hase ss 13 Ibs. 


" i! vps “ius 
= 4 ‘ v “ i 
’ , } ; wes ae 
re ; 
i ye) on m d oR ‘ 4G 
‘ Se . 4 
4 ; Nie ny or ct ft A 


A | 
ey 
: e 
ig rae 
‘ 2 i * ¢ 
4 % 
: (| aoe 
" +" 
, Bi 
‘ P } Fes i + 
; c 
A ; 
oP » ’ < 
7 Ys = 
> i 
a) 
. v t 
P } 
4 ai a 
mn “ 
i 
~ 
ae 
5 f { 
| 
ts 2) 
ne h 
4 \ 
\ 
a Pte 
ant 
* . 
nf af 
6K) UB be ai eddalte eet 
; ; : a 7s)? Pe ae *) 
od os <i He Sh atone V hears : 
F Y ; ve be jg! wy a? 
/ 4 4 7. : ty a ¥ ae Re? 7 A ig $0 
1 b " 1% ind» 7 
; hp vt (ae 
ve * “ " Fabia ce ae) aris = e% , Hes 
: bo oy AR ee 
‘;y ‘ Ris ‘b Ss te ** “ae On ae a! 
é i} Pa ’ , / 7 
or P d 
+ ay H 
fz] 
= 5 


ies eee sie in sa 
re _h mA cae eR bi he 


tLlvV 1,GOW 


YALUWSNVAL dNALVWV LIAHLVW4H , 


HOLIMS 
AGONVIS 
901d Lnent O 
YOLvINGON YOLVINGOW 


| +i 7h 
Naar, 
we ON 
| +111 
(©) 
= | 
(i 
It 
00000 


. (8) HILIAS 
J sacpel OH ees 
LS * 


wi 
> L gaye i' 


= O O 
HOLIMS JA 
3LV1d-0149 ol 


Nade@ eA 
aA BSOND 


ajns’ 


SS XLV 
> SS 
OS JAW > 
= nn Ses 
a {& oO O 
be HW IIS = 
JWMOS \ Oo S LA 
A000t = 0 
4WW OO! 


JWW OO! 


Page 2 


a ee HILIMS ONVE 


. 
a: 
wre we * 
n¢ 7 M4 ’ iid bP Seyeeder cid sail eat 


INTRODUCTION 


The Heathkit Model AT-1 Transmitter was designed to provide both the beginning and experi- 
enced amateur with a simply constructed yet versatile kit form transmitter at modest cost. 
Consideration. was also given to the probable enlarging of the operator's station. Rather than 
become obsolete, the AT-1 can be operated with crystal or VFOcontrol and used as an all-band 
exciter for a high power final. It has provision for modulation as a low power phone transmitter 
and can be used directly as such or used to drive a linear amplifier in a high power phone sta- 
tion. For the "old timer," it Maodecs an excellent standby transmitter while the big "rig" is 
being overhauled. 


The transmitter incorporates the maximum permissible shielding to minimize TVI from har- 
monics radiated directly by the transmitter. The amplifier stage operates as a doubler on the 
higher frequencies to eliminate the possibility of parasitic oscillations. 


Although primarily designed for crystal operation, it will perform equally well when driven by 
a VFO and is equipped to supply the VFO with both plate and filament power from an octal sock- 
et on the rear of the transmitter chassis. The band switching knob on the panel switches both 
the oscillator and amplifier coils simultaneously. This not only increases the convenience of 
operation but also lessens the possibility of operation on the wrong crystal or VFO harmonic. 
A three position meter switch provides for measurement of the amplifier grid current, ampli- 
fier plate current, and has an "off" position for use when the transmitter is being keyed. 


The transmitter incorporates tried and proven tube types and circuitry, careful layout, and: Ae 


quality components. It will give long and reliable service when properly constructed. 


CIRCUIT DESCRIPTION Ae: 


The power supply is conventional. A transformer steps up the AC line voltage to"approxi kK 
400 volts, which is then converted to direct current by the action of a 5U4G full-wave re/} 


Pf 


tube. Ripple component present in the output of the rectifier is removed by a "brute force" fil-ay : 


ter consisting of four electrolytic condensers and a filter choke. A switch in the AC line turns 
the transmitter ON and OFF. Another switch in the negative return shuts off the DC power 
when in the STANDBY position, leaving the filaments on. 


The crystal oscillator consists of a 6AG7 tube operated in a tuned or untuned Colpitts circuit. 
The plate circuit of the oscillator is untuned when the transmitter is operated on the 80 meter 
band. This prevents coupling between oscillator and amplifier coils when both are at the same 
frequency. On all other bands the oscillator is operated as a tuned plate amplifier or doubler 
' stage. One set of contacts on the band switch inserts the proper oscillator coil for each band. 
Grid bias for the 6AG7 is obtained mainly from a grid leak resistor and partially from resist- 
ance in the cathode circuit. 


The output stage consists of a6L6 amplifier-doubler which may be operated up to approximately 
30 watts input on CW or Phone. Four coils each having preadjusted antenna coupling loops are 
connected in turn to the 6L6 plate circuit by the action of the band switch. These coils cover 
the frequency range from 3.5 to 30 mc. _ Bias for this stage is derived from the grid current 
flowing through the grid resistor and is only present when the stage is being excited by the os- 
cillator. The Grid-plate meter has its full scale sensitivity automatically changed from 10 to 
100 milliamperes when switched from the grid to plate position. 


Two octal sockets on the rear of the chassis provide connections for audio input and VFO power. 
output. A coaxial jack, when used with 52 ohm coax cable, provides a shielded RF output to the 
antenna coupler. A .5 ufd condenser and a100 2 resistor across the key jack provide an effec- 
tive key click filter. 
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AT-1 OPERATION ADJUSTMENTS 


The AT-1 transmitter may be operated on the amateur bands of 80, 40, 20, 15, 11, and 10 me- 
ters using crystal or VFO control. Before attempting operation in any particular band, the op- 
erator should ascertain the frequency range of the desired band and the type of emission per- 
missible in any portion of that band. After the desired frequency of operation has been arrived 
at, the crystal frequency necessary may be found by dividing the desired frequency by the har- 
monic relation to the crystal fundamental. 


It is possible to operate the 10 meter band from an 80 meter crystal operating on its 8th harmon- 
ic but it is advisable to use 40 meter crystals for operation in the bands from 20 to 10 meters. 


A VFO may be used to control the transmitter by plugging the output of the VFO into the crystal 
socket. If a VFO is used, care should be taken to ascertain that the VFO output is within the 
band, particularly on the higher frequencies where the error will be multiplied. 


80 METER OPERATION 


NOTE: All adjustments should be made quickly as the tubes draw excessive current when their 
associated circuits are not in resonance. 


It is assumed that the proper antenna and coupler is attached to the transmitter in the following 
paragraphs and that a key is plugged in. 


Plug in a crystal with a frequency between 3,500 and 4,000 kc. Turn on power switch and allow 
transmitter to warm up for a short time. Leave STANDBY switch in STANDBY position. Turn 
the meter switch to the PLATE position. Turn on STANDBY switch, depress key and quickly 
tune OUTPUT control for a dip. It is not necessary to adjust the DRIVER control on this band. 


While holding key depressed, tune antenna coupler for a rise in plate current. As the antenna 
is tuned for increased current, continuously adjust OUTPUT control for resonance as indicated 
by a dip in current. A point should be reached where the meter will still show a dip when tuned 
through resonance, but at a considerably increased current. 

; 


The final current reading with the antenna and transmitter both tuned to resonance should be 
about 60 to 80 milliamperes. If it is much lower than this, the antenna coupling should be in- 
creased. If a point is reached where it is no longer possible to dip the plate current, the an- 
tenna is over-coupled and the coupling should be reduced. 
vke MuST BE 80m 40 METER OPERATION 

Plug ina crystal in the frequency range ‘between 3,900 and 3,650 kc and turn meter switch to 
GRID position. Turn STANDBY switch to on, depress key and quickly tune DRIVER control for 
maximum meter reading. Release key. Turn meter switch to PLATE position, depress key 
and tune for dip. Tune antenna as outlined under 80 meter operation. 


20, , ls AND 10 METER SLADE EN hs 

‘ SHoutld RE OL LPLES “ae vo M ac Nat Rie! 5M 
The method of ee for these Aandse is exactly the same method as io the 40 meter band, 
except forthe choice of crystal frequencies. The 15 meter and 11 meter bands are operated on 
the 10 meter position of the band switch. Below is a chart of crystal frequencies necessary for 


operation in any of the amateur bands. 


Px 


WARNING: The frequencies listed cover the entire band limits. It is not advisable to operate 
near the band edge. When operating in the 15 meter band with a crystal frequency near 5250 kc , 
it is possible to tune to the 6th harmonic. As the 6th harmonic of that crystal is outside of any 
of the amateur bands it should be avoided. In any case, where two dips are noted when tuning 
the OUTPUT control, the one giving the most pronounced dip is the correct tuning. 
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SOCKET VOLTAGE CHART 


The trouble shooting chart included at this point may also be used to good advantage in case 


difficulty occurs. 


TROUBLE 


Transmitter 
inoperative 


Transmitter 
inoperative 


Transmitter 
inoperative 


Transmitter _ 


inoperative 
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SYMPTOMS 


_ Meter reads high cur- 


rent in PLATE position. 


_No indication in GRID 


position. 


‘Meter reads in GRID 


position. Does not 
read in PLATE posi- 
tion. 


Meter reads in both 
GRID and PLATE posi- 
tions. OUTPUT tuning 


will not dip meter current. 


Meter does not read in 
either position. 


POSSIBLE CAUSE 


Oscillator not oscillating due to: 


1: 
2. 
3. 


4. 


D. 


Defective or dirty crystal. 

Defective 6AG7 tube. 

No voltage on oscillator plate or screen 
grid. (Pins 6 and 8 on voltage chart.) 
Shorted or open circuit on oscillator 
coil orterminals SB1 through 4 on the, 
band switch. 

DRIVER control not tuned properly. 


Amplifier not drawing current due to: 


1. 
2. 


3. 
4. 


2. 


wm 0 


Modulator plug not inserted in socket. 
Modulator plug does not have jumper 
between terminals 3 and 4. 

Defective 6L6 tube. 

No voltage on plate and screen grids. 
(Pins 3 and 4 on the voltage chart. ) 
Cathode circuit togroundopen. (Check 
key jack. ) 

Plate voltage supply open at meter 
switch. (Terminals 1 and 4 on meter 
switch. ) 


Amplifier will not resonate due to: 
ik, 


100 pwyf 1,000 volt condenser circuit 
open between B3 and CO2A. 

"Tank" circuit poss between CA2B and 
SB10.° 

Amplifier coil connections shorted. 
Switch positions SB10 through 14 open 
or shorted. 

Antenna overcoupled. 


Open circuit at switches ; st or S2. 
Defective 5U4G tube. 

Short in high voltage circuit. 

Open circuit at SM3 or 6 on the meter 
switch. 
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Random notes on AT~1 and VF-1 not thermofaxed. 


"Connect a jumper wire between pins 6 and 7 of the oc&éal plug if the 
VF-1' is to be used with a Heathkit AT-1 Transmitter." (VFO power supply 
océél plug. Not needed, due to switch on front panel:"VFO/CRSTAL", ) 


"NOTE: For use with the VF-~1, the Heathkit AT-1 Transmitter must have 
a wire connected from socket connections A5 to D6, This will bring the 
6AG7 oscillator cathode to ground when the VFO power plug is inserted. 
(Not needed due to switch mentioned above; see penciled modification on 
schematic) In the event that both stages of the AT-1 are to be keyed, 
connect the jumper wire from pin 5 to pin 6 in the VF-1 power plug, 

and an additional wire from D5 to TB3 in the AT-t. If it is desired to 
key the VF-1i with the transmitter, connect an additional jumper from 

D5 to D&S in the AT-1 and leave the VF-1 panel switch in the STANDBY 
position." (I don't suggest keying anything but the final of the AT-1: 
far better sounding keying!) 


From AT-1 construction proceedure: 

"Note: At this point, the builder has two choices in the method of 
keying the transmitter, In the interest of stability, it is recom- 
mended that only the amplifier stage be keyed. However, it may be 
wired so that both the amplifier and oscillator stage can be keyed 
simultaneously for break-in operation.~ If it is desired to key only ‘th 


DoME-ythe amplifier, connect a short bare wire from TB3(S) to AGH(S). If 


— eee 


both stages are to be keyed, connect a .001 mfd condenser from TB3(NS) 
to AGU(S) in place of the bare wire; then, connect a wire to TB3(S). 
Run this wire along the front edge of the chassis to J1i(NS). 
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Assembling 


“PRICE $2.00 


and Using Your... 


VACUUM TUBE 
VOLTMETER 


MODEL V-7A 


HEATH COMPANY _ 


A Subsidiary, of Daystrom inc. 


BENTON HARBOR, MICHIGAN 


‘STANDARD COLOR CODE. om "RESISTORS AND CAPACITORS aA 4 


_ INSULATED ~ 
UNINSULATED 


Color 
BLACK 
BROWN 


RED 
ORANGE 


AXIAL LEAD RESISTOR © 


Brown — Insulated 
Black— Non-insulated 


_ WEST IS 
NNNN 
NNNA eae 
NNNWS 


Tolerance 
Multiplier 
Ist and 2nd Significant Fase; 


Wire weund resisters have 
Ist digit band dewble width 


RADIAL LEAD DOT RESISTOR 
Multiplier 


AGA Sah WAS PES 


| Tolerance Ist Figure 


RADIAL LEAD (BAND) RESISTOR 


Multiplier 


2nd Figure 


Multiplier 


Tolerance Ist Figure 


The standard color code provides all necessary information re- 
quired to properly identify color coded resistors and capacitors. 
Refer to the color code for numerical values and the zeroes or 
multipliers assigned to the colors used. A fourth color band on 
resistors determines’ tolerance rating as follows: Gold = 5%, 
silver = 10%. Absence of the fourth band indicates a 20% 
tolerance rating. 


MOLDED MICA TYPE CAPACITORS 


CURRENT STANDARD CODE 


White (RMA) {{ Significant Figure 


Black (JAM) Multiplier 


RMA (5-DOT OBSOLETE CODE) 


Working Ty 
Voltage — WS ® S&S 
GQ) D KY 


Ist 


®nd Tolerance 


it Significant Figure 


Multiplier Multiplier 


Front 


Working Voltage _ 
= & F= Rear ‘ 
Telerance 


Ist 2nd {significant Figure 


Multiplier 


Tolerance 


aaa Significant Figure 


Ta : 
Normally 
stomped for 
value 


AN Significont 


- The tolerance rating of pdpocitons is determined by the color 
code. For example: red = 2%, green ete. The voltage 
rating of capacitors is obtained by multiplying the color value 
by 100. For example: orange = 3 X 100 or 300 volts. Blue 
6 X 100 or 600 volts. 


Ist\ Voltage Figure 
A 2 digit voltage rating indicates more than 900 V. 


Add 2 zeros to end of 2 digit number. 


ay 


© 


' FIRST RING 
BODY COLOR ~ 
First Figure. . 


5-DOT RADIAL LEAD CERAMIC CAPACITOR 


BY-PASS COUPLING CERAMIC CAPACITOR 
Capacity 


THIRD RING 
DOT COLOR é 
Multiplier ~ 


SECOND RING 
_ END’ COLOR 
Second Figure 


0 


Ey CERAMIC RMA in 


Capacity 
Multiplier 
\ Tolerance 
Temp. Coeff. 


EXTENDED RANGE TC CERAMIC HICAP 
Temp. Coeff. 


00, 000, 000 
000,000,000 


CONIA R wre 


TC Multiplier Multiplier Tolerance 


AXIAL LEAD CERAMIC CAPACITOR 


Capacity 


Multiplier Tolerance 


Tolerance © 


The physical size of carbon resistors is determined by their 
wattage rating. Carbon resistors most commonly used in Heath- 
kits are 4% watt. Higher wattage rated resistors when specified 
are progressively larger in physical size. Small wire wound 
resistors 44 watt, 1 or 2 watt may be color coded but the first 
band will be double width. 


RMA 3-DOT (OBSOLETE) 
RATED 500 W.V.D.C. + 20% TOL. 


Multiplier 


BUTTON SILVER MICA 
CAPACITOR 
Class 
Tolerance 
2nd Multiplier 
Ist 


RMA 6-DOT (OBSOLETE) 
Ist 
and 
3rd 


{significant Figure 
RMA 4-DOT (OBSOLETE) 
| sii Figures Working Voltage 


Multiplier 


2nd 
Ist 


olerance 


Significant Figure 
Working Voltage sik 


Sg ay ene 


MOLDED FLAT CAPACITOR 


Commercial Code 


JAN. CODE CAPACITOR 


nd 


Significant 


Working Volts Figure 


—— Multiplier Multiplier 


nd) P 
\ Significant Figure Characteristic 


Ist 
In the design of Heathkits, the temperature coefficient of ceramic 
or mica capacitors is not generally a critical factor and there- 
fore Heathkit manuals avoid reference to temperature coefli- 
cient specifications. Mt 
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HEATHKIT VACUUM TUBE VOLTMETER 


MODEL 


V-7A 


y 4 oe : 
RXI000: 459 y, 
{ ROK 


SPECIFICATIONS 


Electronic D.C. Voltmeter: 


MeO TIS WTOC, © vice pis Gris oie ois ee, ds eel She 
POWELIRECUITCMENtS fade a sic, ols. 6 ais ondca o) sieie oes 


0-1.5, 5, 15, 50, 150, 500, 1500 volts full scale, 
with accessory probe to 30,000 volts 

11 megohms (1 megohm in probe) On all ranges, 
1,100 megohms with accessory probe 

7,333,333 ohms per volt on 1.5 volt range 
Balanced bridge (push-pull) using twin triode 
+3% full scale 


0-1.5, 5, 15, 50, 150, 500, 1500 scales reading 
R.M.S. (.353 of peak to peak). 


. +1 db 42 cps to 7.2 mc (600 Q source). 


+5% full scale 
0-4, 14, 40, 140, 400, 1400, 4000 


Scale with 10 ohms center X1, X10, X100, X1000, 
X10K, X100K, XIMEG. Measures .1 ohm to 1000 
megohms with internal battery a 

4 1/2'' 200 uA movement, Polystyrene case 

1% precision type 

Printed circuit} etched metal process 3/32" XXP 
laminated phenolic .00135 copper foil 

1 - 12AU7, twin triode meter bridge 

1 - 6AL5, twin diode full wave AC rectifier 

1 1/2 volt flashlight cell 

7 3/8" high x 4 11/16" wide x 4 1/8" deep 
charcoal grey panel, feather grey cabinet 

i lbs. 

105-125 volt 50-60 cycle AC 10 watts 


INTRODUCTION 


This Heathkit model V-7A VTVM represents the first kit instrument using a prewired, prefabri- 
cated printedcircuit board in its design. The advantages of this circuit boarduse are numerous 
and it might be helpful to discuss them briefly before actually entering into kit construction. 
The printed circuit process itself is very interesting andan outline of the basic method involved 
will provide a much better understanding of the entire project. 


The printed circuit board is actually nothing more than an insulating material on which a metal 
conductor pattern has been prepared. This metalconductor pattern replaces virtually all of the 
wiring usually associated with conventional chassis construction. The labor saving thus attained 
represents one of the principal advantages of printed circuit use. . Other advantages are exact 
duplication of engineering development model, elimination of construction variations due to in- 
dividual assembly techniques, more compact efficient construction and reduced margin of error. 


There are many methods by which the metal conductor pattern is obtained and at the present 
time, the etching of a copper clad laminated phenolic board appears to be the most logical and 
flexible one. Usually a copper clad surface is subjected to a printing process such as is used in 
photography, silk screen, offset printing, etc. After printing, the unwanted metal not protected 
by the printing pattern is etched away leaving the desired pattern. 


Generally speaking, the same soldering techniques with which you are already familiar will 
apply. It is recommended that a smaller soldering iron with a small tip be used. Irons in the 
range of 25 or 50 watts are entirely adequate. Soldering pencils are ideal for this work. Quick 
heating solder guns can be used but some precaution should be observed regarding the possibility 
of overheating. Overheating will damage the copper foil or the board and the practice itself 
should be discouraged in this assembly technique. Should the circuit board become overheated 
through soldering, the condition will be immediately evident by a distinctly audible ''frying" or- 
"crackling." 


You will note that on the reverse side of the circuit board, a silk screening process actually 
designates the placement of components and identifies them by electrical value. To install a 
condenser or resistor, it is merely necessary to hold the component in one hand and bend both 
leads downward with the other hand forming a U-shaped unit. Then it is merely necessary to 
insert the leads through the openings providedand place the resistor or condenser directly over 
the designated area on the board. Spread the leads slightly so as to keep the units in place and 
prevent shifting. Usually many components can be mounted and then a number of soldered con- 
nections can be made without requiring frequent handling or turning of the board. After making 
the solder connection, the remaining leads should be trimmed off close to the board. 


Tube sockets are mounted in a similar manner by inserting the socket pins in the circuit board 
cutout provided and properly aligning the socket. The pins can then be quickly soldered to the 
corresponding terminals for good electrical connection and at the same time provide adequate 
mechanical construction. 


A properly prepared circuit board will provide many years of trouble-free service. There will 
be no deterioration of electrical connections or continuity of circuits and of course no separation 
of the copper and laminate. Your Heathkit represents the most widely accepted VTVM in the 
electronicsindustry. Properly constructed and intelligently used, it will provide many years of 
accurate trouble-free measurement service. 


PRELIMINARY NOTES AND INSTRUCTIONS 


The Heathkit model V-7A Peak-to- Peak Vacuum Tube Voltmeter is an excellent instrument and 
care used during construction will be well repaid. The construction is open and easily accom- 
plished but it should not be rushed, as poor workmanship can result in poor operation. 
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UNPACK THE KIT CAREFULLY, EXAMINE EACH PART AND CHECK IT AGAINST THE 
PARTS LIST. In so doing, you will become acquainted with the parts. If a shortage is found, 
attach the inspection slip to your claim and notify us promptly. Hardware items are counted 
mechanically and if a few are missing, please secure them locally if at all possible. Use the 
charts on the inside covers of this manual to identify the parts. 


Read the manual completely through before starting actual construction. In this way, you will 
become familiar with the general procedure used. Study the pictorials and diagrams to get ac- 
quainted with the circuit layout and location of parts. When actually assembling and wiring, 
read the entire step through so that no suggestions will be missed. 


To facilitate describing the location of parts, tube sockets, controls, terminal strips, etc. have 
all been lettered and arecoded. All such numbering and lettering is clearly shown in the figures 
and when instructions say, for example, "wire to G3" refer to the proper figure and connect a 
wire to pin 3 of socket G. 


It is recommended that O, Z, P, etc. be actually labeled as such on the panel with a pencil. 
Lettering on the inside of the panel where wiring is done will reduce the possibility of making 
wrong connections. 


Tube socket pins are numbered as shown in Figure 5. Always read clockwise when the socket 
is viewed from the bottom. 


A circuit description is included in the later section of this manual so that those with some 
knowledge of electronics will be able to obtain a clearer picture of the actual functioning of this 
instrument. It is not expected that those with little experience will understand the description 
completely, but it should be of help in the event that they desire to become more familiar with 
the circuit operation and thus learn more from building the kit than just the placing of parts and 
wiring. 


Small changes in parts may be made by the Heath Company. Any part supplied will work just 
as well as the part for which it was substituted. By reading the color code on resistors for 
instance, it will be readily understood that a value of 51 KQ is a substitute for the specified 47 
KQ provided the specified value is not supplied. Suchchanges will be made only if the specified 
parts are unobtainable at thetime andare made toinsure a minimum delay in filling your order. 


Resistors and controls have a tolerance rating of +20% unless otherwise stated. Therefore a 
100 KQ resistor may test anywhere between 80 KQ and 120 KQ. Frequently condensers show 
an even greater variation such as -50% to +100%. This Heathkit is designed to accomodate such 
variations. 


PROPER SOLDERING PROCEDURE 


Only a small percentage of Heathkit purchasers find it necessary to return an instrument for 
factory service. Of these, by far the largest proportion function improperly due to poor or — 
improper soldering. 


Correct soldering technique is extremely important. Good solder joints are essential if the 
performance engineered into the kit is to be fully realized. If you are a beginner with no ex- 
perience in soldering, a half-hour's practice with odd lengths of wire and a tube socket will be 
a worthwhile investment. 


High quality solder of the proper grade is most important. There are several different brands 
of solder on the market, each clearly marked "Rosin Core Radio Solder. "' Such solders consist 
of an alloy of tin and lead, usually in the proportion of 50:50. Minor variations exist in the. mix- 
ture such as 40:60, 45:55, etc. with the first figure indicating the tin content. Radiosolders are 
formed with one or more tubular holes through the center. These holes are filled with a rosin 
compound which acts as a flux or cleaning agent during the soldering operation. 


, 
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NO SEPARATE FLUX OR PASTE OF ANY KIND SHOULD BE USED. We specifically caution 
against the use of so-called "non-corrosive" pastes. Such compounds, although not corrosive 
at room temperatures, will form residues when heated. The residue is deposited on surround- 
ing surfaces and attracts moisture. The resulting compound is not only corrosive but actually 
destroys the insulation value of non-conductors. Dust and dirt will tend to accumulate on these 
"bridges" and eventually will create erratic or degraded performance of the instrument. 


NOTE: ALL GUARANTEES ARE VOIDED AND WE WILL NOT REPAIR OR SERVICE 
INSTRUMENTS IN WHICH ACID CORE SOLDER OR PASTE FLUXES HAVE BEEN 
USED. WHEN IN DOUBT ABOUT SOLDER, IT IS RECOMMENDED THAT A NEW 
ROLL PLAINLY MARKED "'ROSIN CORE RADIO SOLDER" BE PURCHASED. 


If terminals are bright and cleanand wires free of wax, frayed insulation and other foreign sub- 
stances, no difficulty will be experienced in soldering. Crimp or otherwise secure the wire (or 
wires) to the terminal, so a good joint is made without relying on solder for physical strength. 
To make a goodsolder joint, the cleantip of the soldering iron should be placed against the joint 
to be soldered so that the terminal is heated sufficiently to melt solder. The solder is then 
placed against both the terminal and the tip of the iron and will immediately flow out over the 
joint. Refer to the sketch below. Use only enough solder to cover wires at the junction; it is 
not necessary to fill the entire hole in the terminal with solder. Excess solder may flow into 
tube socket contacts, ruining the socket, or it may creep into switch contacts and destroy their 
Spring action. Position the work so that gravity tends to keep the solder where you want it. 


A poor solder joint willusually be indicated by its appearance. 
The solder will stand up in a blob on top of the connection, 
with no evidence of flowing out caused by actual "wetting" of 
the contact. A crystalline or grainy texture on the solder 
surface, caused by movement of the joint before it solidified 
is another evidence of a "'cold"' connection. In either event, 
reheat the joint until the solder flows smoothly over the en- 
tire junction, coolingtoa smooth, brightappearance. Photo- 
graphs in the adjoining picture clearly indicate these two 
characteristics. 


A good, clean, well-tinned soldering iron is also important to obtain consistently perfect con- 
nections. For most wiring, a 60 or 100 watt iron, or the equivalent in a soldering gun, is very 
satisfactory. Smaller irons generally will not heat the connections enough to flow the solder 
smoothly over the joint and are recommended only for light work, such as on etched circuit 
boards, etc. Keep the iron tip clean and bright. A pad of steel wool may be used to wipe the 
tip occasionally during use. 


Take these precautions and use reasonable care during assembly of the kit. This will insure the - 
wonderful satisfaction of having the instrument operate perfectly the first time it is turned on. 
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RANGE SWITCH ASSEMBLY 


The range switch is the very heart of the VTVM multiplier circuit 
and careful workmanship here will reward the kit builder with 
trouble-free performance. This switch has been especially de- 
signed for the Heathkit VTVM. It is important that solder con- 
nections be well made witha clean, hot, well tinned iron, small 
tip preferred. Avoid excessive use of solder or flux. Do not 
overheat or burn the switch wafers. Complete absence of any 
potential leakage path is desirable. The switch assembly is en- 
tirely logical and the step-by-step procedure should be carefully 
followed. Take your time, be sure ofeach step and do a good job. 


3 DECK REAR 


2 DECK REAR 
The range switch is the long, 3-deck rotary switch, part #63-79. 
Inspect the switch for alignment by holding it vertically and sight- 
ing from one side to determine if the switch shaft and stacked 
tubular wafer separators are all parallel to each other. If the 
assembly is misaligned, probably due to handling or shipping, 
alignment should be restored before proceeding with the work. 
This can be accomplished by holding the metal detent wafer at the 
shaft end in one hand and firmly twisting the SPACERS on the 
switch deck with the other hand. After aligning, check the tight- 
ness of the mounting nuts on the last wafer. They should be snug 
without excessive strain. 


| DECK REAR 


RANGE SWITCH WIRING 


The range switch canbe conveniently wired before panel mounting. 

Study Figure 1 for proper orientation and switch lug designation. 

Switch lug marking follows a definite pattern. The three decks, 

front (deck #1), center (deck #2), and rear (deck #3) are all 12- : 
osition wafers and terminals will be designated as follows: 

Front deck, #1 numbered from 1 to 12; Bente deck, #2 from 13 RANGE > WITEH 

to 24; Rear deck, #3 from 25 to 36. NOTE: Before wiring, be NUMBERING SYSTEM 

sure your Switch agrees with the terminal arrangement shown in 

Figure 1 and described below. 

Lug numbering will be called out in clockwise rotation commencing with the frontdeck. There- 

fore, R1 will be the front deck lug as identified in Figure 1. The next position, normally R2, is 

blank followed in continuous succession by R3, R4, etc. Note that on the first deck #1 contact 

surfaces appear on both sides of the deck. Whereas the remaining decks #2 and #3, the contacts 

are all on one side of the wafer. 


Figure 1 


During assembly procedure, mount resistors so that the printed values are visible. This is 
good practice and will be helpful in the event trouble shooting is required. Trim excess resistor 
lead length andcrimp the lead ends aroung the switch lug for good mechanical connection. Avoid 
undue strain on the switch lug itself so that the rivet mounting will not become loosened. Use 
insulated sleeving whenever bare wire is adjacent tothe switch frame or the possibility of short- 
ing to adjacent wiring exists. 


Check off each step in the space provided (vy) as it is completed. 


(S) means solder the connection. (NS) means do not solder yet. 


USE ROSIN CORE SOLDER ONLY. SEE SOLDER NOTE ON PAGE 4. 


Successful instrument construction requires close observance of the step-by-step procedure 
outlined in this manual. For your convenience, many illustrations are repeated in large size 
fold-in sheets. It is suggested that these sheets be fastened to the wall over your work area for 
reference purposes during instrument construction. 
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Arrange the supply of precision resistors and begin range switch assembly in the following 
manner. Be sure of each step before soldering as correction can be annoying. 


jf 


(A) Connect 320 KQ resistor between R1 (NS) and R4 (NS). Physical placement is between the 
wafer and detent plate. See Figure 2. 


(A Connect 900 KQ 1 watt resistor between R1 (NS) and R6 (NS). Place resistor between deck 
#1 and deck #2. See Figure 2. 


CAUTION: \ 
Position these resistors (4 
so they do not touch the’ ° 
Switch shaft. Rubbing 
could cause damage to 
the resistors and pos- 
sible short circuits. 


NOTE: Arrange resis- 
tors sothey do not touch 
each other. They should 
not be allowed to touch 
the switch terminals or 
any metal part of switch 
frame. 


LOCATE BEGINNING OF 
LUG NUMBERING SYSTEM 
BY LOCATING VACANT 

POSITION ON WAFER ONE. 


RANGE SWITCH DETAIL i 


a : : a 
| 
we) Connect 150 K® resistor between R13 (NS) and R4 & See Figure 2 for placement. 


(A Connect 10 KQ resistor between R13 (NS) and R17(NS). Use insulated sleeving on R17 con- 
nection. 3 
y €) 0) . 

(Og Connect a length of bare wire between R1 and R5 (S). (Use sleeving. ) 
a) 

(Connect 20 KQ resistor between R17 (S) and R30 (NS). 


/ (i) 
os 
(A Connect a length of bare wire between R30 (NS) and R18 (S). (Use sleeving. ) 
7 + A) 
(4 Connect one lead of the 70 KQ resistor through R19 (NS) to R7 (S). Connect the remaining 


lead to R30 (S)4) 4) 
( Me connctt 200 KQ resistor from R19 (8) to R32 (NS). 7 i 0 
A ayy 

LL 


( he Connect a bare wire through R32 (NS) and again through R20 (S) and to R8 (S). 


, \ 
Ah Connect one lead of the 700 KQ resistor through R21 (NS) to R9 wy Connect the other lead 
to R32 (S). 
(4) 
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(\J Connect 2 megohm resistor from R21 (S) to R34 (NS). (Note that R33 is left unconnected 
during this progressive sequence. ) 


( i a bare wire through R34 (NS) and on through R22 (S) and to R10 (S). 


(“) Connect one lead of 7megohm resistor through R23 (S) and to R11 (NS). Connect the other 


me R34 (S). 
( Connect 9 megohm resistor between R35 (S) to R24 (NS). 


fee Connect a bare wire from R36 (S) to R24 (NS). (Use sleeving. ) 

( bnnect 900 KQ resistor from R25 (NS) to R24 (S). (Use sleeving. ) 
(. ¥ Connect 90 KQ resistor from R25 (S) to R14 (NS). 

(V) Connect a bare wire from R26 (S) to R14 (NS). 

( dj Connect 9 KQ resistor from R27 (NS) to R14 (S). 

J Connect 900 2 resistor from R27 (S) to R16 (NS). Note that R15 has been skipped at this 
( 


_ time. 
J Connect a bare wire from R28 (S) to R16 (NS). 
a. a 90 2 resistor from R29 (NS) to R16 (S). 
(/) 


Connect 9.1 Q resistor (colored white and brown) from R29 (S) to R31 (NS). See Figure 2 
for resistor placement. 


/This completes the resistor range switch assembly. Before temporarily setting it aside, re- 
check the entire procedure to insure accuracy. Check all resistor leads and bare wires for pos- 
sible shorting. Visually inspect all solder connections from every angle to make sure that a 
poor solder connection is not present. Check for the possibility of excess solder used on con- 
nections shorting to adjacent connections. Shake out all loose pieces of solder and wire trimm- 
ings. 


PANEL 


ae In all operations involving panel assembly and wiring, a soft cloth or pad should be placed on 
the working surface so that the panel will not become marred or damaged by handling. 


f 

7 Refer to Figure 3 for explanation of parts mounting on panel. Note the placement of controls in 
respect to lug positioning. On all controls and switches be sure to use a control lockwasher 
between the paneland the control or switch. Use a flat nickel washer under the control mounting 
nut to prevent marring the panel. 


PANEL 


NICKEL 


WASHER CONTROL 


CONTROL 
NUT 


NUT 
NICKEL 
WASHER 


LOCK 
WASHER 


HOW TO MOUNT CONTROLS & SWITCHES 
oy Ota Page 7 


rs PHONE JACK ASSEMBLY 


NOTE: Orient both switches before 
wiring. Position as shown in this 
figure and then install the knobs so 
switches can be moved slightly as 
required to align knob markers with 
panel index markers. The knob set- 
screw should tighten on the "flat" of 
the switch shaft. Firmly retighten 
control nuts, 


NOTE: Place switch at approximately 
30° angle to panel edge. 


Figure 3 


RED BANANA JACK = 
PHONE JACK 


BLACK BANANA JACK 
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FRONT DECK 
SECOND DECK 


REAR DECK 


SELECTOR SWITCH 
NUMBERING SYSTEM 


f 


V Banana jacks are mounted in the positions shown. Observe the correct color placement. After 
inserting banana jack inserts, be sure to bend slightly as shown in Figure 4. 


‘Please note alphabetical designations of controls, switches and other points of connection. For 
example. OHMS ADJUST will be designated as "0" and the lugs numbered O1, O02, 03. ZERO 
ADJUST as "Z"' and lugs Z1, Z2, Z3, etc. 


PANEL WIRING 


Note that the use of insulated sleeving is specified in some of the following wiring procedure. 
This sleeving is used to cover the whole length of the hookup wire involved in the step, and its 
purpose is to insure adequate clearance between that particular section of wire and adjacent 
wiring and parts. Use of sleeving is specified only in circuits carrying high AC test voltage 
and We purpose of the sleeving is to prevent arcing or flashover due to wiring dress. 


(ey tastall a .01 fd 1600 volt condenser between R6 (S) and S12 (S). (Use sleeving.) Observe 
condenser placement as shown in Pictorial 1 on the following page. 


(iy Connect a wire from O3 (S) to S16 (S). CRIMP INSERTAS 
/ SHOWN TO PREVENT 

fet Connect a wire from O02 (S) to Z1 (NS). PULLING OUT - >> * - 

f (( INSERT 


(\)’ Connect a wire from Z3 (S) to S18 (NS). a BANANA JACK 


P SPEEDNUT 
(A Comnect a wire from S2 (S) to P2(S). 


ale Figure 4 
(Connect a wire from S3 (S) to R11 (S). 


y / 


ae a wire from $5 (S) to R15 (S). Note that S4 is skipped at this time. 
GC 


( 
(_Y Connect a wire from S9 (S) to R33 (S). 


nect a wire from $7 (S) to R12 (S). Note that S6 is skipped at this time. 


(Lf Connect a wire from S10 (S) to the red banana jack (S). Use insulated sleeving over the 


entire length of this wire. 
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(4“Connect a wire from $23 (NS) to R3 (S). Use insulated sleeving over the entire length of 
this wire. 


ra 
( LE onnect a wire from R13 (S) to Pl (NS). 


() )yConnect a wire from Pl (S) to the black banana jack (NS). 


(Connect a 4" length of wire to the black banana jack (S). Leave the other end disconnected 
for the time being. 


CIRCUIT BOARD ASSEMBLY AND WIRING 


The V-7 VTVM printed circuit board is virtually self-explanatory regarding assembly procedure. 
The reverse or silk screen side of the board clearly indicates the location of components and 
cable wiring. However, to minimize the possibility of error and thereby utilize to the fullest 
extent the advantages offered by printed circuits, the step-by-step procedure as outlined below 
should be followed. 


ae ge! 
NOTE: Inspect the circuit board carefully for | 4 
any obvious defects (broken foil, foil inside of 
punched holes, etc.) before mounting parts to. gBL_anx_~ 5 
ts SPACE 7) 6 
. 7 PIN 


TUBE SOCKET NUMBERING SYSTEM VIEWED 
FRCM BOTTOM 


Figure 5 
( A Install 7-pin socket through lettered side of the board in the smaller of the two socket lo- 
cations. 
ARROWS INDICATE TUBE SOCKET BLANK 
SPACE LOCATION 
7 PIN | BEND & SOLDER TO 
FOIL PATTERN 
SOCKET 


9 PIN SOCKET 


| 

: NOTE: Be sure to install.jumper wire 
| between pins 1 and 6 as indicated. 
| 
| 
| 


FOIL PATTERN ON 
THIS SIDE. 


“\. MARKINGS OF 
COMPONENTS 
ON THIS SIDE 


Figure 6 | Pasegrl 


CROSS SECTION VIEW 


f 

( 4A Orient the spacing between socket pins 1 and 7 so that it corresponds with the placement 
shown in Figure 6. With a low wattage small tipped soldering iron, using only rosin core 
type solder, begin soldering the socket pins to the copper foil terminals. See notes on 
printed circuit soldering in the INTRODUCTION on Page 3. Note that pin 6 of the 7-pin 
socket has no circuit connection and soldering only serves toincrease mechanical mounting 
strength. 


Please read "Special Note" on Page 31 before proceeding with next step. ¢,, 2 Pins 


O% Install 9-pin socket through lettered side of board. Before soldering socket pins to foil 
pattern, be sure to connect a wire jumper between pins 1 and 6. Then solder all socket pins 
to the foil pattern. 


RESISTORS 


() Install a 3.3 megohm resistor (orange-orange-green) in position designated on the back of 
the circuit board. Bend the leads at right angles to the resistor body, insert leads in the 
correct holes and spread leads slightly so the resistor will not drop out of position. Do 
not solder yet. All of the remaining carbon resistors will be mounted in a similar manner. 


( .) Install a 220 KQ resistor (red-red-yellow) in the position shown on board. Refer to Picto- 
rial 2 for all resistor placement. 


(\_) Install a 150 KQ resistor (brown-green-yellow). 
OLINE } 


(T ©) | RR YY iQ» © B LACK 


| | INSTALL BATTERY 
: a CUP IN THIS 


LOCATION 


Hilts 
2M 


AL 
WH JMS 


PARTS MOUNTING 


ON CIRCUIT BOARD NOTE: Dress the 10 KQ resistor 


slightly to the left so it will clear 


atl PICTORIAL 2 the potentiometer terminals. 


ft 


(Install 27 KQ resistor (red-violet-orange). 

s 
( WM Install 10 megohm resistor (brown-black-blue). 
net 150 KQ resistor (brown-green-yellow). 


iaeingtall five 22 megohm resistors (red-red-blue) in the five positions shown. 


7 


(.¥ Install a 100 2 resistor (brown-black-brown). 


insta a 10 KQ resistor (brown-black-orange). Position as shown in Pictorial Dre 


wie that the resistors are mounted, check for snug positioning against the circuit board. Then 
spot solder each lead and trim off close toboard surface. Carefully check each connection after 
clipping to eliminate the presence of a rosin or cold solder joint. 


CONTROLS 


FIBER SHOULDER 
| WASHER 


A.C.BAL D.C.CAL A.C.CAL 


| 
PLACEMENT OF CONTROLS Figure 8 Ss 
| 
| 
BATTERY CUP MOUNTING ON REVERSE SIDE OF 
Figure 7 CIRCUIT BOARD 


(4 Mount the three special type 10 KQ controls from the screened side of the board so the 
mounting lugs and terminals protrude through tothe foil side. See Pictorial 2 and Figure 7. 
Press the controls firmly against the board and solder the mounting lugs and terminals to 
the foil pattern. One mounting lug of the A.C. CAL. control cannot be soldered to the foil, 
so bend the lugs slightly inward in order to hold the control securely. 


+ 


f, RECTIFIER - TRANSFORMER - CONDENSERS 
( M 


ount the selenium rectifier on the reverse side of the circuit board with the terminal lugs 
protruding through the opening provided. Be sure to note the position of the positive ter- 
minals. Bend the lugs over and solder to the circuit board. This will cause one of the lugs 
to protrude beyond the edge of the circuit board. Clip off the excess portion of this lug soit 
will be flush with the circuit board edge. This is important, since a short can occur if the 
lug touches the VTVM case. 
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(\) Mount the power transformer as shown in Pictorial 2. Use 6-32 mounting hardware and 
note that the 6-32 screw closest to the 6AL5 tube socket is inserted from the etched metal 
side of the board. This is done to insure adequate clearance for the plastic meter housing 
when the board is assembled to the instrument. 


(_y Transformer leads are pre-cut to proper length. Insert leads in their respective, color- 
coded places and solder leads to the circuit board. 


(.-) Mount the .005 yfd condensers in their places as shown in Pictorial 2. Solder leads and 
trim excess length. 


(“) Mount both .02 ywfd condensers in their places as shown in Pictorial 2. Solder leads and 
trim excess length. 


(\-) Mount the 16 ufd filter condenser in the space provided. Be sure to observe polarity with 
the positive terminal adjacent to the rectifier positive terminal. Solder leads and trim off 
excess lead length. 


(J Mount the pilot light socket in location shown in Pictorial 2. Solder the lugs directly tothe 
circuit. (Bend one lug to an offset position. ) 
CONNECTING CABLE 


An 8-wire color-coded cable is used to connect the circuit board to the remaining VTVM cir- 
cuitry. This cable should be prepared in the following manner. 


(‘*) Measure 5" from one end of the cable and carefully remove the cable sheathing by making 
a circular cut with a smallsharp knife and then slipping off the end of the cable sheath. Be 
careful not to cut into the internal wires. 


(“) Next cut wires to the following lengths: 


Green - 1/2" Brown - 2" 
Yellow - 3/4" White - 3" 

Red - 11/4" Blue - 3 1/2" 
Black - 1 3/4" Orange - 41/4" 


(.-) Carefully remove about 3/16 insulation from the end of each wire. Twist the fine wire 
strands tightly and insert the color-coded wires in the openings as shown in Pictorial 2. 
Solder each wire as it is inserted and clip excess length. 


() Using 6-32 x 3/8" screw and fiber shoulder washer, install battery holder in position shown 
in Figure 8. 


() Connect one end of a 4" length of hookup wire to point X on board. 


The circuit board is now completely assembled and ready for installation in the VTVM. 


WIRING CIRCUIT BOARD TO PANEL 
(“) Prepare the 8-wire cable by removing 4''of sheathat the free end. Do notcut the green and 
blue wires but shorten all others to a length of 3''from the endof the sheath. Again remove 
about 3/16" of insulation. As a matter of convenience, all wires will be connected to the 
panel assembly before actually mounting the circuit board. 


i 


( iy Connect orange wire to S4 (S). 


(“) Connect black wire to S6 (S). 


(/) Connect white wire to Z2 (8). 


A 


(LY Connect red wire to Z1 (S). 
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(4 Connect brown wire to S18 (S). 
(LY Connect yellow wire to $21 (S). 
(- ¥ Connect blue wire to R31 (S). 


(Connect green wire to $24 (S). Figure 9 


BRACKET 


(Install rubber line cord grommet in opening 
provided on bracket. 


rd BE SURE TO 
( Install phosphor bronze battery holder spring reregeet Pek ae 
using 6-32 hardware. Install the lockwasher 6-32 xj," 4; eee 
and nut from the lower spiral side of the 
spring. Long nose pliers are helpful in 
holding the nut during tightening. See Fig- 


ure 9. 


METHOD OF ASSEMBLING BATTERY SPRING TO 
BRACKET 


/ METER 
\Before installing the meter, it is necessary to remove the solder lugs on the meter terminals. 
On each terminal, hold the lower nut with pliers while loosening the upper nut with a 3/8" socket 
wrench or another pair of pliers. DO NOT PERMIT THE STUD TO TURN. Next, tighten the 
remaining nuts snugly against the meter stud speed nut. AGAIN, BE SURE THAT THE STUD 
IS NOT ROTATED. While mounting the meter to the panel, be sure to use a soft cloth on your 
workbench surface. 


(\* Install meter on panel using only the top two sets of brass hardware. Mount the Z support 
bracket on the upper right meter stud (when viewed from rear) as shown. Note the off-cen- 
ter-piercing of the bracket mounting holes. 


(;_)“Install bracket on the two lower meter mounting studs. While tightening the brass 6-32 
hardware holding the bracket in place, lightly pinch together the two legs of the bracket. 
This will insure adequate clearance for the cabinet flange between the panel edge and brack- 
et. Check clearance between bracket and panel control lugs. Bend lugs slightly if necess- 
ary. Bracket should straddle 8-wire cable. The notch in each leg of the bracket should be 
/on the side closest to the switches. 

(L4 Install pilot lamp in socket and slip a length of 3/8" diameter Bleoving over pilot lamp and 


/socket. 
_y Remove 6-32 hardware at the top mounting lugof the transformer on circuit board. Place a 


#10 fiber washer over each of the two meter terminal studs and theninstall the circuit board 
over these same studs. Dress. 8-wire cable as shown in Pictorial 4. Install solder lugs 
and nuts over the studs and tighten firmly but not excessively. Check and adjust alignment 
of pilot lamp socket with panelopening. Now tighten down the top transformer lug with 6-32 


hardware, making sure that the screw passes through the top leg of the Z- -bracket. 
FINAL WIRING 


(4 Connect remaining short length of hookup wire from location ''X"' on the chassis board to 
$23 (S). 


(.4) Connect remaining end of hookup wire from black banana jack tocircuit board location Z (S). 
( -) Connect wire from M1 (positive terminal) (S) to S15 (S). 
(-¥ Connect wire from M2 (S) to $22 (s). 


( \y Insert line cord through rubber grommet at rear of bracket. Tie a simple overhand knot 
about 6'' from the cord end for strain relief. 


(\“) Split line cord and trim 2" from one side. Connect to $28 (S). 
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METHOD OF BATTERY INSTALLATION. 


LOCATION OF TUBES AND 


pombe 


Note that bracket must be positioned 


so that notches are on the bottom. 
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METHOD OF CIRCUIT BOARD INSTALLATION AND 


DRESS OF 8 WIRE CABLE. 


PICTORIAL 4 
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(Cy Connect remaining line cord wire to "line" on circuit board (S). 


(| )Connect remaining black transformer wire to S27 (S). 


IMPORTANT WARNING: MINIATURE TUBES CAN BE EASILY DAMAGED WHEN 
PLUGGING THEM INTO THEIR SOCKETS. THEREFORE, USE EXTREME CARE WHEN 


INSTALLING THEM. WE DO NOT GUARANTEE OR REPLACE MINIATURE TUBES 
BROKEN DURING INSTALLATION. 


()"Install tubes in their respective socketsas shown in Pictorial 4. Install dial knobs on con- 
trol shafts. The two larger knobs being installed on the RANGE and SELECTOR switch 
shafts while the two smaller knobs are installed on the OHMS ADJUST and ZERO ADJUST 
control shafts. 


Carefully inspect instrument construction and check dress or arrangement of all wiring. Be 
sure that wiring or components are not positioned in such a manner that short circuits may 
occur. Check all solder points to make sure that necessary solder connections have been made. 
Shake out all loose wire cuttings, insulation and other debris that may have accumulated during 
the assembly of the instrument. 


PRELIMINARY TEST 
Plug the VTVM line cord into a 117 volt 60 cycle AC source. Do not attempt to use the instru- 
ment on DC or 25 cycle supply as serious damage will result. Switch the selector knob to the 
DC+ or DC- position and the range switch to the 1 1/2 volt position. The tubes and pilot light 
should light. Within 15 or 20 seconds of warmup time, there should be some degree of zero 
adjust control action, which will permit the meter pointer to deflect over a limited range of the 
dial. During the preliminary warmup assembly, check the instrument assembly very carefully — 
for any indication of overheating which would result fromerrors in construction. Assuming that 
the instrument will respond in the manner indicated, it will be safe to leave it turnedon to thor- 
oughly warm up while the balance of the kit project is completed. This will consist of test lead 
preparation and cabinet assembly. Refer to Figure 10 and large fold-in for test lead preparation. 


PREPARATION OF TEST LEADS 
Figure 10 


COMMON TEST LEAD 


ALLIGATOR CLIP 


en oe BLACK 
LED AG) <—<—$£<—<—<—< i ——————— mS 


SOLDER HERE 


D.CAOTES TAUGEAD 
STRIP OFF OUTSIDE RUBBER COATING § SHIELD FROM HERE 


BLACK TEST PROD 


| MEG, RESISTOR SHIELDED TEST LEAD 
(BROWN-BLACK-GREEN) 


A.C.-OHMS TEST LEAD 


/ TEST PROD 


(4) COMMON TEST LEAD: The common test lead is made by connecting the black banana plug 
on one end of the black test lead and an alligator clip on the other. Figure 10 shows the 
detail. The banana plug is assembled by slipping the black insulator sleeve over the black 
lead. Insert the stripped wire into the plug and wrap once around the plug as shown. Screw 
the sleeve onto the plug securely. No solder is required. 
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(_Y DC TEST LEAD: The DC test lead is made by connecting the phone plug on one end of the 
shielded test lead, the inner wire conductor to the phone plug tip connection and the wire 
shield to the phone plug sleeve. On the other end, goes a small 1 megohm resistor which 
is then slipped inside the black test prod. See Figure 10. It is important that the shield 
portion of the test lead at the resistor end does not touch the resistor or solder connection. 
Do not connect the shield to anything at this point. The only shield connection used is made 
at the phone plug end. After soldering the resistor to the inner conductor of the test lead, 
do not wrap the joint with tape of any kind as this couldcause a highresistance leakage path 
across the shield portion and the resistor lead resulting in measurement inaccuracies. 


hs AC-OHMS TEST LEAD: The AC ohms test lead is made by connecting the red banana plug 
on one end of the red test lead and the red test prod on the other. Figure 10 shows the con- 
struction. 


(4 Fasten the handle on the case, using two 10-24 screws. 


INSTALL FEET 
AS SHOWN 


(.4 Push the rubber feet into the four holes in the bottom of the VTVM case. bag 


6 


TEST AND CALIBRATION 


/ During the preparation of the test leads and cabinet, the VTVM has had an opportunity to warm 
up thoroughly and should now be calibrated. 


“Turn the instrument off and make sure that the mechanical zero position of the meter pointer is 
correct. If not, adjust as follows: 


Place the instrument in normal operating position. Turn the black plastic screw on the meter 
face with a screwdriver while gently tapping the meter face with one finger until the pointer 
coincides with the zero line on the left side of the scale. Turn the instrument on again. 


(\“) Set the SELECTOR switch to DC+. Check operation of the zero adjust control. Turning 
this control should move the meter pointer part way up scale. Set pointer to zero at the 
left side of the scale and check for zero positioning whenthe SELECTOR switch is changed 
to DC-. It should be possible to obtain a zero adjust control position that will permit the 
meter pointer to remain stationary when switching through from DC+ to DC-. If there is 
an appreciable zero shift of more than two divisions on the scale, it should be regarded 
merely as an indication that additional aging of the 12AU7 tube is required. This aging 

. can be obtained by leaving the instrument turned on for a period of 48 hoursor more, or 
%' through continued use of the VTVM with periodic calibration. 
DC 


CALIBRATE: 

Insert the common and DC test leads. Set the SELECTOR switch to DC+ and the RANGE 
switch to 1.5 volts. Connect the test leads to the calibrated flashlight cell and adjust the 
DC CALIBRATE control sothat the meter pointer falls directly over the very small red dot 
on the meter face. Approach the red dot going up scale by turning the screwdriver cali- 
brate control and watch the meter read 1.4 volts and 1.5 volts and then the red dot. As soon 
as the red dot is reached, stop turning the DC CALIBRATE control. Remember that the 


range switch must be set on 1.5 volts for this adjustment. 
f 


/ OHMS CHECK: 

Turn off VITVM. To install the battery, start top (+) end of the battery into the battery cup 
and then pull the spring out and over the bottom (-) end of the battery. Now pushthe spring 
and the battery in under the metal brace so the spring, battery and battery cup are all in 
line. Turn on VTVM and set SELECTOR switch to OHMS. Set OHMS ADJUST for full scale 
(infinity). Insert AC-OHMS test lead and touch probe to common test clip. Meter pointer 
should drop to zero at left end of scale (no resistance). 

Page 19 


— 


wae CALIBRATE: 
Temporarily remove AC OHMS test lead. Set RANGE switch to 1.5 volts and SELECTOR 
switch to AC. Adjust AC BALANCE contrgl so no movement is noticed in the pointer when 
switching from AC through DC- to DC+. Now set RANGE switch to 150 volts and the SEL- 
ECTOR switch to AC. Reinsert AC ohms lead. Connect AC ohms and common lead to the 
117 volt AC line. 


WARNING: 117 volt AC line is dangerous. Proceed with due care. 


A Adjust AC CALIBRATE control until pointer indicates the line voltage (117 volts AC). 


AGING 
It is recommended that the tubes be aged before final calibration. This is accomplished by 
keeping the instrument turned on for a period of at least 48 hours. Final calibration should be 
done in the same way as the initial calibration. Careful calibration will result in a more ac- 
curate instrument. If a standard AC meter is available, it is desirable to use such an instru- 
ment preferably at a voltage near full scale on the VTVM as for instance, 140 volts or 40 volts 
on the 150 volt or 50 volt range respectively. 


One of the major advantages of kit form instrument construction is that the kit builder becomes 
thoroughly familiarized with calibration procedure and is therefore in an excellent position to 
periodically check VTVM operating accuracy instead of assuming that usual factory instrument 
calibration is still valid. 


Please bear in mind that any fresh stock flashlight battery will actually measure 1.55 volts and 
can be used for calibrating purposes. The battery supplied with your VTVM was individually 
checked for proper voltage and marked accordingly as a precautionary measure. It is evident 
that it will not be necessary for the kit purchaser to obtain a specially calibrated battery from 
the Heath Company when battery replacement is required. Any standard brand fresh stock bat- 
tery will serve the purpose. 


After final calibration, place the instrument in the cabinet and install the two #6 sheet metal 
screws through the back and into the bracket. The instrument is now ready for use. The power 
consumption of the VTVM is very lowand there is no. objection to leaving the instrument on con- 
tinuously during the daily work period rather than turning it off each time a measurement function 
is completed. Daily operation for a periodof several hoursor more will also serve the purpose 
of eliminating possible moisture accumulation. 


IN CASE OF DIFFICULTY 


In event the instrument does not perform properly and calibration procedure cannot be obtained 
in the manner described, we would suggest that you observe the following check procedure. 


1. Recheck all wiring to the RANGE and SELECTOR switches and make sure that all connec- 
tions are properly made. Most cases of trouble result from improper or reversed con- 
nections. Often having a friend check the wiring will reveal a mistake that is consistently 
overlooked. 


2. Check the 6AL5 and 12AU7 tubes. If possible, check tube performance in the VTVM circuit 
by substitution with tubes known tobe in good operating condition. Tubes used in this VTVM 
do not require special selection and their replacement should not present a problem. 


3. If the meter pointer swings full scale to the right and stays there with SELECTOR switch 


at DC+, check for an open circuit or high resistance connection somewhere between the 
grid pin 2 of the 12AU7 tube and ground. This condition might be due to a wrong connection 


to the SELECTOR switch, a poor connection or possibly an open resistor. 


If the instrument does not operate on any function, a check of the power supply, the 12AU7 tube 
and its associated meter circuit is suggested. 
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If the instrument fails to function on AC measurements only, then a check of the 6AL5 and its 
associated circuits should be made. 


If the instrument only fails to function on ohms, the difficulty will probably be due tothe battery 
(make certain the battery is making goodcontact in the bracket) or the ohms multiplier resistor 
String. If the resistor string is open at some point, the meter pointer will usually deflect tothe 
extreme right of the meter scale, regardless of the setting of the ohms adjust control. 


It is important that proper operation on DC+ or DC- should first be obtained before any attempt 
is made to use the instrument on AC or ohms. 


4. Check the operating voltages. The following voltages are measured to chassis. Pins 1 or 
6 of the 12AU7 tube or positive lug on the rectifier, 50-70 volts positive. Negative side of 
filter condenser, 60-85 volts negative. 


5. Check continuity through the DC test cable. Make certain that the shielding is not shorted 
to the center conductor or that the 1 megohm isolating resistor inside the test prod is not 
being grounded. 


6. Insufficient range of zero adjust control could indicate that possibly the wire jumper between 
pins 1 and 6 of the 12AU7 tube has been omitted. 


7. Visually inspect all construction to determine the possibility of wire cuttings or blobs of 
solder being lodged against control terminals, switch contacts, etc. 


NOTE: If circuit board is accidentally damaged by dropping, resulting incracks in the laminate, 
the following precautions should be observed. A break in the board will almost always cause a 
corresponding break inthe foil pattern. In event this shouldoccur, the foil pattern canbe easily 
repaired by bridging the foil break with a short length of bare wire. Just lay the wire right on 
the pattern, bend to fit foil contours if necessary, and then solder the full length of the wire. 


Alternately flexing each corner of the board slightly while the instrument is in operation will 
usually reveal whether or not a foil pattern break is present as the instrument will react in an 
erratic manner. 


The circuit board used in your VTVM is rugged and serviceable and under normal conditions of 
usage, the board does not require unusual handling precautions. However, the information sup- 
plied will be helpful in the event an accident should occur. 


REPLACEMENTS 
Material supplied with Heathkits has been carefully selected to meet design requirements and 
ordinarily will fulfill its function without difficulty. Occasionally improper instrument opera- 
tion can be traced to a faulty tube or component. Should inspection reveal the necessity for re- 
placement, write to the Heath Company and supply all of the following information. 


A. Thoroughly identify the part in question by using the part number and description found in 
the manual parts list. 

B. Identify the type and model number of kit in which it is used. 

C. Mention the order number and date of purchase. 

D. Describe the nature of defect or reason for requesting replacements. 4c 

The Heath Company will promptly supply the necessary replacement. Please do not return the 

original component until specifically requested to do so. Do not dismantle the component in 

question as this will void the guarantee. If tubes are to be returned, pack them carefully to 

prevent breakage in shipment as broken tubes are not eligible for replacement. This replace- 

ment policy does not cover the free replacement of parts that may have been broken or damaged 

through carelessness on the part of the kit builder. 
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SERVICE 


In event continued operational difficulties of the completed instrument are experienced, the fa- 
cilities of the Heath Company Service Department are at your disposal. Your instrument may 
be returned for inspection and repair for a service charge of $4.00, plus the price of any addi- 
tional material that may be required. THIS SERVICE POLICY APPLIES ONLY TO COM- 
PLETED INSTRUMENTS CONSTRUCTED IN ACCORDANCE WITH THE INSTRUCTIONS AS 
STATED IN THE MANUAL. Instruments that are not entirely completed or instruments that 
are modified in design will not be accepted for repair. Instruments showing evidence of acid 
core solder or paste fluxes will be returned not repaired. 


The Heath Company is willing to offer its full cooperation to assist you in obtaining the proper 
operation of your instrument and therefore this factory repair service is available to you, or you 
may contact our Technical Consultation Department by mail. 


NOTE: In the event the circuit board in your VITVM has been ruined through accidental use of 
acid or paste fluxes, a convenient repair kit is available. 


This kit will consist of a new circuit board, 7-pin and 9-pin sockets, all board mounted resis- 
tors and disc ceramic condensers. The selenium rectifier, battery cup, controls, filter con- 
denser and power transformer can be salvaged with little difficulty. 


In event the RANGE and SELECTOR switches have alsobeen damaged, replacements can be pur- 
chased from the Heath Company. 


Circuit Board Repair Kit, #R-V-7A ... $3.00 
Range Switch, #63=79. 2.0.06. 2.00. 055% $2.25 
Selector Switch, #63-80.. 200.0. 0... $2.00 


SHIPPING INSTRUCTIONS 
Before returning a unit for service, be sure that all parts are securely mounted. 


ATTACH A TAG TO THE INSTRUMENT, GIVING 
NAME, ADDRESS AND TROUBLE EXPERIENCED. 


Pack in a rugged container, preferably wood, using at least threeinches of shredded newspaper 
or excelsior on all sides. DO NOT SHIP IN THE ORIGINAL KIT CARTON AS THIS CARTON IS 
NOT CONSIDERED ADEQUATE FOR SAFE SHIPMENT OF THE COMPLETED INSTRUMENT. 
Ship by prepaid express if possible. Return shipment will be madeby express collect. Note that 
a carrier cannot be held liable for damage intransit if packing, in HIS OPINION, is insufficient. 


All prices are subject to change without notice. The Heath Company reserves the right to dis- 
continue instruments and to change specifications at any time without incurring any obligation 
to incorporate new features in instruments previously sold. 


WARRANTY 


Heath Company warrants that for a period of three months from the date of shipment, all Heathkit 
parts shall be free of defects in materials and workmanship under normal use and service and 
that in fulfillment of any breach of such warranty, Heath Company shall replace such defective 
parts upon the return of the same to its factory. The foregoing warranty shall apply only to’ the 
original buyer, and is and shall be in lieu of all other warranties, whether express or implied 
and of all other obligations or liabilities on the part of Heath Company and in no event shall 
Heath Company be liable for any anticipated profits, consequential damages, loss of time or other 
losses incurred by the buyer inconnection with the purchase, assembly or operation of Heathkits 
or components thereof. No replacement shall be made of parts damaged by the buyer in the 
course of handling or assembling Heathkit equipment. 


NOTE: The foregoing warranty is completely void and we will not replace, repair or service 
instruments or parts thereof in which acid core solder or paste fluxes have been used. 


HEATH COMPANY 
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DESCRIPTION 


Line cord 

length Bare wire 

length Black test lead 
length Red test lead 
length Shielded test lead 
roll Hookup wire 

length Spaghetti (sleeving) 
length 3/8" fiberglas sleeving 
length 8-wire cable 
3/8 rubber grommet 


Cabinet and rear cover 
Front Panel — 

Bracket assembly 
Battery housing cup 

Z support bracket 


#6 x 3/8 sheet metal screw 
6-32 x 3/8 screw 

#10 x 1/2" handle screw 
6-32 x 1/4 screw 

6-32 nut 

Control nut 

Speednut, jack 

#6 fiber shoulder washer 
Control nickel washer 
Lockwasher 

Control lockwasher 

#10 flat fiber washer 


Power transformer 
Selenium rectifier 

Banana plug insulator,black 
Banana plug insulator, red 
Circuit board, complete 
Handle 

Spring, phosphor bronze 
Alligator clip 

200 uA meter 

Flashlight cell 

Phone jack -“ 

Banana jack, black 
Banana jack, red 

Banana jack insert 

Phone plug 

Banana plug assembly, 

Red test prod 

Black test prod 


PARTS LIST 
PART PARTS DESCRIPTION PART PARTS 
No. Per Kit No. Per Kit 
Resistors Wire-Grommets 0K 
~2-48 1 9.1 2 carbon "78921 1 
1-3 1 100 2 carbon =~ 340-2 1 
—1 -20 1 10 KQ carbon 341-1 | 
~s1 -23 1 27 KQ carban ~= 341-2 1 
1-27 2 150 KQ carbon er 343-3 i} 
w=] -29 1 220 KQ carbon ™ 344-1 1 
Sa -35 1 1 megohm carbon — 346-1 1 
<—m] -38 1 3.3 megohm carbon = 346-6 1 
=—1 -40 1 10 megohm carbon ee 47-1 1 
~—1-70 ) 22 megohm reir « — 713-1 1 
2-24 i= 90 Q precision” | | 
we? -29 1— 900 2 Saga Sheet Metal Parts o 
m=e2-35 1— 9 KQ precision ™ 90-17 1 
2-50 1 10 K@ precision Ya —9203-61F103 1 
=2-38 a 20 K& precision “ — 204-M69 1 
w=2-9 i= 70 KQ precision” ~~ 214-2 1 
a2 -41 = 90 KQ precision 45 = 204-M84 1 
2-86 1= 150 KQ precision : 
—2-54 1— 200 KQ precision Y Hardware () & 
<= 2-87 1— 320 KQ precision ” ™250-8 2 
2-13 1— 700 KQ precision »” 250-9 3 
m= 2-91 1 900 K&2 precision y —=250-83 2 
== 2-55 ae 2 megohm precision ™= 250-31 1 
22-16 1— 7 megohm ee ™= 252-3 4 
wel -52 1= 9 megohm precision’ 252-7 5 
228A i— 900 KQ 1 watt precision /=252-9 2 
253-2 1 
Condensers © —~—253-10 5) 
rai =27 2 .005 400 v. disc ceramic “*254-1 4 
~ 21-31 2 .02 400 v. disc ceramic ~™“254-4 5) 
23-60 1 .01 1600 volt tubular ™=253-3 2 
a5 5 1 16 pfd 150 v. Miscellaneous 0!~ 
454-23 1 
Controls-Switches 0. — 57-13 1 
—10-8 2 10 KQ control —T70-5 1 
—10-38 3 10 KQ control «70-6 1 
= 63-79 1 RANGE switch —~—85-9F102 1 
~= 63-80 1 SELECTOR switch 211-4 1 
— 258-7 1 
Tubes-Lamps 0 — 260-1 | 
411-25 1 12AU7 tube wm 407-26 1 
— 411-40 i 6AL5 tube a= 418-1 1 
—412-4 1 #50 pilot lamp —436-1 il 
436-2 i 
Sockets-Knobs-Feet 8, =~ 436-3 1 
434-59 1 7-pin socket = 437-1 2 
~ 434-60 1 9-pin socket — 438-3 1 
= 434-47 1 Pilot light socket == 438-13 2 
— 462-19 2 Skirt knobs —~439-1 1 
462-30 2 Knobs, small = 439-2 1 
w261-1 4 Rubber feet «595-110 1 


Manual 
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CIRCUIT DESCRIPTION 


The Heathkit model V-7A VTVM is intended for use by service men, engineers and maintenance 
men to make accurate measurements of DC+, DC-, AC RMS values, peak-to-peak values and 
resistance measurements. Its usefulness is in the measurement of voltages and resistance in 
radio and TV work, laboratory usage andany application requiring the rapid, accurate measure- 
ment of electrical functions. The design is simple yet rugged withcomplete versatility in com- 
bining the functions of many instruments in one. 


This instrument employs vacuum tubes in all measurement functions to insure good sensitivity 
and stability. 


The sensitive 200 microamp meter movement is placed in the cathode circuit of a 12AU7 twin 
triode. The zero adjust control sets up a balance between the two sections of the triode such 
that with the zero input voltage applied tothe first grid, the voltage drop across each portion of 
the adjust control (from adjust arm to one side and adjust arm to the other side) is the same. 
This being true, the meter reads zero. With a voltage applied to the first grid, the balance in 
the cathode circuits is upsetand the meter indicates. The relationship between the test voltage 
applied to the first grid and the meter indicating current is linear and therefore the meter is 
calibrated with a linear scale. The advantage of having the meter in a vacuum tube circuit of 
this kind is that the voltages to be measured are not applied directly to the meter but rather to 
the tube. Because the tube is limited to the amountof current it can draw, the meter movement 
is electronically protected. 


The maximum test voltage which is applied tothe 12AU7 tube is about 3 volts. Higher test vol- 
tages are reduced by a voltage divider which has a total resistance of 10 megohms. An addi- 
tional resistance of 1 megohm is located in the DC test prod thereby permitting measurements 
to be made in circuits carrying RF with a minimum disturbance of such circuits. 


On AC measurement functions, a 6AL5 duo-diode is used as a half-wave doubler to provide a 
DC voltage proportional to the peak-to-peak value ofthe applied AC voltage. This DC voltage is 
applied throughthe voltage divider string to the tube causing the meter to indicate in the manner 
previously described. The AC voltage scales are calibrated in both RMS and peak-to-peak values. 
Inthe 1.5, 5, 15, 50 and 150 volt positions ofthe range switch, the full AC voltage being measur- 
ed is applied to the input of the 6AL5 half-wave doubler. On the 500 and 1500 volt positions of 
the range switch, a divider network reduces the applied voltage in order to limit the voltage in- 
put to the 6AL5 toa safe recommended level. Under normal conditions ofusage, it isnot possible 
for voltages in excess of 150 volts to be applied to the 6AL5. This design feature further pro- 


The AC calibrate control is used so as to obtain the proper meter deflection for the applied AC 
voltage. Vacuum tubes develop a contact potential between tube elements. Such contact poten- 
tial developed into the diode would cause a slight voltage to be present at all times. This volt- 
age is cancelled out by proper application of a bucking voltage. The amount of bucking voltage 
pen Nae by the AC balance control. This eliminates zero shift when switching from AC to 
DC. 


For resistance measurements, a 1.5 volt battery is connected through a string of multipliers 
and the external resistance to be tested, thus forming a voltage divider across the battery. A 
resultant portion of the battery voltage is applied to the twin triode. The meter scale is cali- 
brated in resistance for this function. 


USING THE VTVM 
The VTVM has many advantages over the non-electronic volt-ohmmeters. The greatest advan- 
tage is the high input resistance. This enables much more accurate readings to be obtained in 
high impedance circuits such as resistance coupledamplifiers, oscillator grid circuits and AVC 
networks. 
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To illustrate this, let us assume a resistance coupled audio amplifier with a .5 megohm plate 
load resistor operatingfrom a 100 volt plate supply. Let us assume that the plate voltage is 50 
volts and therefore the tube acts as a .5 megohm resistor. Measuring the plate voltage with a 
conventional 1000 ohm per volt instrument on the 100 volt scale, the meter can be considered 
a 100,000 ohm (.1 megohm) resistor in parallel with the tube. The voltage on the plate is then 
about 14 volts and is shown as such by the meter. This is due tothe shunt resistance of the low 
resistance meter. Using the VTVM on any scale setting, the full 11 megohms is placed in par- 
allel with the tube. The voltage on the plate is then about 49 volts or 2% lower than the normal 
operating voltage. Thus accurate reading can be obtained only with the high resistance provided 
by a VTVM. 


DIVIDER BECOMES 5MEG. IN SERIES WITH 3<{1= 48 MEG. 


PLATE VOLTAGE BECOMES <5, x |OO= 49 VOLTS 


MEG 


lOOV 


| MEG. 11 MEG. 


MULTIMETER 
VTVM 


Figure 11 


DIVIDER BECOMES .5 MEG. IN SERIES WITH <= = 083 MEG. 


-083 = 
PLATE VOLTAGE pECCMES 57.083 * 100 = 14.3 VOLT 


DC VOLTAGE MEASUREMENTS 


To measure DC voltage with the VITVM, connect the common (black lead) to the common or 
"cold" side of the voltage to be measured. Set the selector switch to DC+ or DC- as required 
and set the range switch to a range greater than the voltage to be measured,if known. If un- 
known, set to 1500 volts. With black test prod, touch other or "hot" side of the voltage to be 
measured. If the pointer moves less than 1/3 of full scale, switch the range switch to the next 
lower range. For greatest measurement accuracy, all voltage measurements should be made 


NETS LPNS F ER) SESE 


on a range position which permits at least 1/2 or 2/3 scale deflection of the meter pointer. 


The voltage ranges selected for the VTVM are intended to provide convenient coverage for the 
radio and TV service man. For example, the 1.5 volt range will be useful in measuring bias 
voltages, DC heater voltages, etc. The 5 and 15 volt ranges will again prove their worth in 
bias measurement functions. The 50 and 150 volt ranges will find greatest application in the 
measurement of voltages encountered in universal or transformerless type radio circuits. The 
500 volt range can be used on conventional transformer operated power supplies found in radio 
and TV circuits and this voltage range eliminates the necessity for switching from one range to 
another when measuring plate and screen supply voltages. On many occasions, the higher volt- 
age ranges will prove useful. 


DC accelerating potentials developed in TV receiver flyback power supply systems canbe safely 
measured through the use of the Heathkit High Voltage Probe, in conjunction with the VTVM. 
This probe with its precision multiplier resistor mounted in a safety plastic probe housing will 
provide a multiplication factor of 100 for the VTVM DC ranges. 30,000 volts DC is generally 
considered the safe upper limit for these measurements. 
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AC VOLTAGE MEASUREMENTS 


To measure AC voltage with the VTVM, connect the common (black) lead to the common or 
"cold" side of the voltage tobe measured. Set the selector switch to AC and set the range switch 
to a range greater than the voltage tobe measured if known. If unknown, set to1500 volts. With 
the red test prod, touch the other side or "hot''side of the voltage to be measured. If the meter 
moves less than 1/3 of full scale, switch tothe next lower range. The maximum AC voltage that 
can be safely measured with your VTVM is 1500 volts, and this limit must not be exceeded. 
The meter scales of the V-7A are calibrated inboth RMS and peak-to-peak voltages. When values 
of sine waves are measured, RMS voltages are read and the corresponding values in peak-to- 
‘peak volts are equal to 2.83 times the RMS voltage. If the range switch is set at 15 volts anda 
“sine wave of 10 RMS volts is applied to the instrument, the meter pointer will indicate 10 RMS 
volts and 28.3 peak-to-peak volts. This direct-reading time-saving feature makes the usual 
calculation to transpose from one scale to another unnecessary. 


The Heathkit VTVM is an extremely sensitive electronic AC voltmeter and as the human body 
picks up AC when near any AC wires, the meter will indicate this pickup. Never touch the AC 
prod when on the lower ranges. Zero should be set with the AC prod shorted to the common 
clip. Because of this characteristic of extreme sensitivity, it is possible that the accuracy of 
AC measurements on the 1.5 volt scale only may vary as much as 15% and this possible devia- 
tion should be taken into consideration. On the remaining ranges, the accuracy should be well 
within the 5% specified. 


CAUTION: It is good practice to observe certain basic rules of operating procedure anytime 
voltage measurements are to be made. Always handle the test prods by the insulated housing 
only and donot touch the exposed ortip portion. The metal case of this instrument is connected 
to the ground of the internal circuit and for proper operation, the ground terminal of the instru- 
ment should always be connected to the ground of the equipment under test. There is always 
danger inherent in testing electrical equipment and therefore the user should clearly familiar- 
ize himself with the equipment under test before working on it, bearing in mind that high volt- 
ages may appear at unexpected points in defective equipment. 


When measurements are to be made at high voltage points, it is good practice to remove oper- 
ating power before connecting test leads. If this is not possible, be particularly careful to avoid 
accidental contact with nearby objects which could provide a ground return path. When working 
on high voltage circuits, play safe, keep one hand in your pocket to minimize accidental shock 
hazard and be sure to stand on a properly insulated floor or floor covering. 


Voltages encountered in the measurement range of this instrument are seldom lethal in nature 
but the secondary effects can be quite serious; such as involuntary reaction causing a fall-or 
bodily injury as an indirect result of shock hazard. 


RESISTANCE MEASUREMENTS 


To measure resistance with the VITVM, connect the common (black) lead to one side of the res- 
istor or circuit to be measured. Set the selector to ohms and set the range switch to such a 
range that the reading will fall as near midscale as possible. Set the ohms adjust control sothe 
meter indicates exactly full scale (infinity on ohms scale). Then touch the red test prod to the 
other side of the resistor or circuit to be measured. Read resistance on ohms scale and multi- 
ply by the proper factor as shown by the range switch settings. 


NOTE: Although a battery is used to measure resistance, the indication is obtained through the 
electronic meter circuit and therefore the VTVM must be connected to the AC power line and 
turned on. Establish the habit of never leaving the instrument set in the ohms position as this 
could greatly shorten the life of the ohmmeter battery particularly if the test leads are accident- 
ally shorted together when lying on the service bench. 
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USING THE VTVM DECIBEL SCALE 


Because the human ear does not respond to volume of sound in proportion to signal strength, a 
unit of measure called the ''bel''was adopted. The bel is more nearly equivalent to human ratios. 
Normally the reading is given in 1/10 of a bel or a decibel. Various signal levels are adopted 
by various manufacturers as standard of zero decibel. The Heathkit VTVM DB scale (decibel) 
uses a standard of 1 milliwatt into a 600 ohm line as zero decibels. This corresponds to .774 
volts AC on the 0-1.5 volt scale. From this figure, the various AC ranges of the VTVM may be 
converted to DB, with adequate accuracy, by the following chart: 


AC VOLTS SCALE DECIBEL SCALE 

0-1.5 volts Read db directly 

0-5 volts Add 10 db to the reading 
0-15 volts Add 20 db to the reading 
0-50 volts Add 30 db to the reading 
0-150 volts Add 40 db to the reading 
0-500 volts Add 50 db to the reading 
0-1500 volts Add 60 db to the reading 


As the decibel is a power ratio or voltage ratio, it may be used as such without specifying the 
reference level. Thus for instance, a fidelity curve may be run on an amplifier by feeding ina 
signal of variable frequency butconstant amplitude. At a reference frequency of say 400 cycles, 
adjust input to give a convenient indication (zero db for instance) on the VTVM connected to the 
output. As the input frequency is varied, the output variation maybe noted directly in DB above 
and below the specified reference level. NOTE: When measuring complex AC wave shapes, 
‘such as ripple, hum, distorted and square waves, the indication is 35% peak-to-peak. 


READING THE METER SCALE 

The voltage markings on the RANGE switch refer tothe full scale reading. The scale is marked 
0-15 and 0-50 for voltage. On the 1.5 volt range, read the 0-15 scale and move the decimal one 
place to the left. Thus for example, a reading of 8 would represent a voltage of .8 volts. On 
the 5 volt range, read the 0-50 scale and move the decimal point 1 place tothe left, that is, drop 
the zero. A reading of 40 volts would represent a voltage of 4 volts. On the 15 volt range, 
read the 0-15 scale directly. EXAMPLE: A reading of 4 volts represents a voltage of 4 volts. 
On the 50 volt range, read the 0-50 volts directly. On the 150 volt range, read the 0-15 scale 
and add one zero. EXAMPLE: A reading of 12 represents a voltage of 120 volts. On the 500 
volt range, read the 0-50 scale and add one zero. EXAMPLE: A reading of 40 represents a 
voltage of 400 volts. On the 1500 volt range, read the 0-15 scale and addtwo zeros. EXAMPLE: 
A reading of 8 represents a voltage of 800 volts. 


NOTE: This marking does not meanthat the up- 
per scale indicates DCV and the lower scale ACV. 
Rather it means that either scale will read ACV 
or DCV depending on the setting of the SELEC- 
TOR switch. 


The resistance marking or ohms scale refers to 
the lowest resistance range ''RX1."' For the other 
ranges, add the proper number of zeros. Add 
two zeros for RX100, four zeros for RX10K and 
six zeros for RX1 MEG. Onthe RX1 MEG range, 
the scale can alsobe considered to read directly THE HEATH COMPANY BENTON HARBOR. MICH 
in megohms. 


~ 
-.S.= 200A 


. ACCURACY Figure 12 
The accuracy of the meter movement is within 2% of full scale which means that on the 1000 
volt range, for instance, the accuracy of the movement will be within 20 volts at any point on 


the scale. On DC, the accuracy of the multiplier 1% may be additive resulting in an inaccuracy 
of within 3% of full scale. 
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On AC, the accuracy of the rectifier circuit contributes variations which result in accuracy of 
within 5% of full scale. Bear in mind that on the lowest AC voltage range the 1.5 volt full scale, 
extreme sensitivity will introduce additional variation through stray pickup. Therefore, on the 
1.5 volt range, it is possible that the accuracy may be in the order of 15% on AC only. 


The accuracy on the ohms range depends on the meter accuracy, the ohms multiplier accuracy 
(including the internal resistance of the batteries) and the stability of the battery voltage. On 
the RX1 scale, the internal resistance of the batteries and the battery voltage both vary asa 
result of the current drawn by the resistance under test. For greatest accuracy, tests on low 
resistance values should be made as quickly as possible. On the higher ohms range, the accur- 
acy depends practically on the multipliers which are 1% and the meter movementaccuracy, 2%. 
Because of the non-linear ohms scale, the resulting accuracy is not readily expressed in a per- 
centage figure but greatest accuracy is obtained at mid scale readings. 


NOTE: When comparing this instrument with another instrument, consider that the accuracy of 
the other instrument may deviate in the opposite direction. Therefore, when comparing two 
instruments of 5% accuracy, the total difference may be 10%. Critical comparisons should only 
be made against certified laboratory standards. 


MAINTENANCE 

With any electronic test equipment, there is always a possibility that repairs may be required. 
Information regarding the procedure to be followed can be helpful in the event that the need for 
service should develop. This information may eliminate the necessity for returning your VTVM 
to the Heath Company Factory Service Department. Bear in mind that the Factory Service De- 
partment was established for the convenience of kit builders who experience difficulty in obtain- 
ing specified performance from their kit instrument. It is not operated as an instrument main- 
tenance service, as the kit builder is qualified tomake necessary repairs through his familiar- 
ity with the instrument, circuits and design. In event specialized replacement parts are required, 
they can be obtained from the Heath Company. The majority of components used are standard 
items available from your local parts supplier. 


METER: Because of the delicate nature of the meter movement, no attempt should be made to 
repair the meter. Such attempts would automatically void the standard warranty coverage of 
the meter itself. 


METER COVER: In event the polystyrene meter cover is accidentally damaged, a replacement 
cover only is available from the Heath Company. This cover can be easily removed without 
detaching the meter from the panel. Use a small screwdriver or knife blade under one of the 
upper corners and pop off the friction fit cover. When installing a new cover, precaution should 
be observed regarding proper engagement of the mechanical zero adjust stud. If it is necessary 
to expose the meter movement to air for a period of time, protect the movement from foreign 
matter, dust, etc. by enclosing the instrument in a box or possibly a desk drawer. 


ELECTROSTATIC CHARGE: The polystyrene meter cover has been treated to resist an accu- 
mulation of static electricity. However, should a static charge accumulate through repeated 
polishing or cleaning of the meter cover, the pointer will deflect in an erratic manner, regard- 
less of whether the instrument is turned off or on. This condition can be quickly corrected. 
Obtain a small bottle of ''GLIM,"'a commercially available dish-washing detergent. Apply a 
small quantity. of Glim to a clean, soft cloth and wipe the surface of the meter cover. The ac- 
cumulated electrostatic charge will immediately disappear. It is not necessary to remove the 
cover for this correction. 


IMPROPER USAGE: Accidental improper VTVM usage, such as attempting to measure AC or 
DC voltage while the SELECTOR switch is in the OHMS position, will invariably result infailure 
of the 9.12 resistor. A replacement 9.1 5% resistor can be obtained from the Heath Company. 
A symptom of resistor failure will be slow upscale drifting of the meter pointer while the SEL- 
ECTOR switch is in the OHMS position and negligible effect of the ohms adjust control. 
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It is possible for other examples of improper instrument usage to result in the failure of one or 
more precision resistors in the voltage multiplier string. The symptom of this difficulty on 
either AC or DC voltage measurements will be inability to obtain proper zero adjust action and, 
of course, incorrect voltage readings. Precision resistor failure would result in an open grid 
circuit condition of the 12AU7 tube. 


CHECKING METER COIL CONTINUITY: In event failure of the meter coil is suspected, the 
continuity canbe determined by observing the following precaution. NEVER check meter move- 
ment continuity directly with another ohmmeter. The amount of current drawn will seriously 
overload the meter coil and will certainly result in a definite open circuit condition. Always 
use a limiting resistor in series with the ohmmeter test leads. The value of the resistor will 
depend upon the ohmmeter battery voltage and range on which the ohmmeter is being used. Al- 
ways use at least a 10,0002 resistor in series with the VTVM meter coil and the ohmmeter test 
leads. 


Just remember that anytime your VTVM should need servicing, the trouble-shooting procedure 
is quite logicaland shouldnot present a problem. If possible, use or borrow another instrument 
to measure operating voltages or to make ohmmeter continuity checks. Proper operating volt- 
ages for the VTVM are shown on the schematic and deviations of +15% are entirely acceptable. 
Always be sure that the tubes used in the instrument are in good operating condition and they 
may be checked either by substitution or with a tube checker 


Because of their constant flexing during use, the test leads are not above suspicion, especially 
when the VTVM has been in use for several years. Erratic or improper DC voltage measure- 
ments can sometimes be caused by a fault in the black shielded test. lead or in the connection of 
the 1 megohm isolating resistor used in the test prod. 


Your VTVM has been designed to fulfill service requirements encountered in daily usage. It is 
capable of continuous daily service over a period of several years and it should be accorded the 
same degree of care in operation that would be given to any piece of fine equipment. 


CENTER SCALE "0" POSITION 


Your V-7A VTVM features a convenient center scale zero position. The adjustment range of the 
panel ZERO ADJUST control will permit center scale zero deflection of the meter pointer when 
SELECTOR switchis set toDC+ or DC-. Center scale zero may not be obtained at both positions. 


The center scale zero will be useful as a null indicator in discriminator adjustments, for bias 
measurements or any application where polarity reversals may occur. 


HIGH VOLTAGE TEST PROBE KIT #336 - $4.50 


A high voltage test probe in kit form is available from the Heath Company. This probe will 
permit VTVM DC measurements up to 30,000 volts, which covers the range of flyback power 
supply voltages commonly encountered in TV receivers. Probe consists of red molded housing 
with black molded handle. Contains 2% precision, 1090 megohm resistor and provides DC range 
multiplication factor of 100 for 11 megohm input VTVM's. 


RF TEST PROBE KIT #309-C - $3.50 > 


A kit form RF test probe is available from the Heath Company. This probe will permit VTVM 
usage for RF measurements up to 30 volts substantially flat from 1000 cycles to100 mc. Built- 
in isolating capacitor permits DC voltage range up to 500 volts. Uses printed circuit board for 
easy assembly and housing is of polished aluminum with polystyrene insulation. 
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SPECIAL NOTE 


The terminals of the 9-pin miniature socket supplied in this kit are slightly longer than they 
need to be. There is a chance that one of the terminals might bridge across the wiring pattern 
and cause a short circuit. The terminals should be shortened before the socket is installed. 


Clip about 1/16" from the end of each of the nine terminals on the socket and it can be installed 
without danger of a short circuit. 
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HELPFUL KIT BUILDING INFORMATION 


Before attempting actual kit construction read the construction 
manual through thoroughly to familiarize yourself with the general 
procedure. Note the relative location of pictorials and pictorial inserts 
in respect to the progress of the assembly procedure outlined. 

This information is offered primarily for the convenience of novice 
kit builders and will be of definite assistance to those lacking thorough 
knowledge of good construction practices. Even the advanced elec- 
tronics enthusiast may benefit by a brief review of this material before 
proceeding with kit construction. In the majority of cases, failure to 
observe basic instruction fundamentals is responsible for inability to 
obtain desired level of performance. 


RECOMMENDED TOOLS 

The successful construction of Heathkits does not require the use of 
specialized equipment and only basic tools are required. A good quality 
electric soldering iron is essential. The preferred size would be a 100 
watt iron with a small tip. The use of long nose pliers and diagonal or 
side cutting pliers is recommended. A small screw driver will prove 
adequate and several additional assorted screw drivers will be helpful. 
Be sure to obtain a good supply of rosin core ‘type radio solder. Never 
use separate fluxes, paste or acid solder in electronic work. 


ASSEMBLY 
In the actual mechanical assembly of components to the chassis and 
ap it is important that the procedure shown in the manual be care- 
ully followed. Make sure that tube sockets are properly mounted in 
respect to keyway or pin numbering location. Phe same applies to 
transformer mountings so that the correct transformer color coded 
wires will be available at the proper chassis opening. 

Make it a standard practice to use lock washers under all 6-32 and 
8-32 nuts. The only exception being in the use of solder lugs—the 
necessary locking feature is already incorporated in the design of the 
solder lugs. A control lock washer should always be used between the 
control and the chassis to prevent undesirable rotation in the panel. 
To improve instrument appearance and to prevent possible panel 
marring use a control flat nickel washer under each control nut. 

When installing binding posts that require the use of fiber insulating 
washers, it is good practice to slip the shoulder washer over the binding 
pes mounting stud before installing the mounting stud in the panel 

‘hole provided. Next, install a flat fiber washer and a solder lug under 
the mounting nut. Be sure that the shoulder washer is properly 
centered in the panel to prevent possible shorting of the binding post. 


Antenna Resistor 
General General 


Resistor 
Tapped 


Ground Resistor Variable 


Inductor Potentiometer 


General 


Air core 
Transformer 
General 


j WIRING 


When following wiring procedure make the jeads as short and direct 
as possible. I1i filament wiring requiring the use of a twisted pair of 
wires allow sufficient slack in the wiring that will permit the twisted 
pair to be pushed against the chassis as closely as possible thereby 
affording relative isolation from adjacent parts and wiring. 

When removing insulation from the end of hookup wire, it is seldom 
necessary to expose more than a quarter inch of the wire. Excessive 
insulation removal may cause a short circuit condition in respect to 
nearby wiring or terminals. In some instances, transformer leads of 
solid copper will have a brown baked enamel coating. After the trans- 
former leads have been trimmed to a suitable length, it is necessary to 
scrape the enamel coating in order to expose the bright copper wire 
before making a terminal or soldered connection. 

In mounting parts such as resistors or condensers, trim off all excess 
lead lengths so that the parts may be installed in a direct point-to- 
point manner. When necessary use spaghetti or insulated sleeving over 
eared wires that might short to nearby wiring. 

t is urgently recommended that the wiring dress and parts layout 
as shown in the construction manual be faithfully followed. In every 
instance, the desirability of this arrangement was carefully determined 
thiough the construction of a series of laboratory models. 


SOLDERING 


Much of the performance of the kit instrument, particularly in respect 
to accuracy and stability, depends upon the degree of workmanship 
used in making soldered connections. Proper soldered connections are 
not at all difficult to make but it would be advisable to observe a few 
precautions. First of all before a connection is to, be soldered, the 
connection itself should be clean and mechanically strong. Do not 
depend on solder alone to hold a eonnection together. The tip of the 
soldering iron should be bright, clean and free of excess solder. Use 
enough heat to thoroughly flow the solder smoothly into the joint. 
Avoid excessive use of solder and do not allow a flux flooding condition 
to occur which could conceivably cause a leakage path between 
adjacent. terminals on switch assemblies and tube sockets. This is 
particularly important in instruments such as the VTYM, oscillo- 
scope and generator kits. Excessive heat will also burn or damage the 
insulating material used in the manufacture of switch assemblies. 
Be sure to use only good quality rosin core radio type solder. 
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HELPF UL KIT BUILDING INFORMATION 


Before attempting actual kit construction read the construction 
manual through thoroughly to familiarize yourself with the general 
procedure. Note the relative location of pictorials and pictorial inserts 
in respect to the progress of the assembly procedure outlined. 

This information is offered primarily for the convenience of novice 
kit builders and will be of definite assistance to those lacking thorough 
knowledge of good construction practices. Even the advanced elec- 
troriics enthusiast may benefit by a brief review of this material before 
proceeding with kit construction. In the majority of cases, failure to 
observe basic instruction fundamentals is responsible for inability to 
obtain desired Jevel of performance. 


RECOMMENDED TOOLS 
The successful construction of Heathkits does not require the use of 
specialized equipment and only basic tools are required. A good quality 
electric soldering iron is essential. The protorred size would be a 100 
watt iron with a small tip. The use of long nose pliers and diagonal or 
side cutting pliers is recommended. A small screw driver will prove 
adequate and several additional assorted screw drivers will be helpful. 
Be sure to obtain a good supply of rosin core ‘type radio solder. Never 
use separate fluxes, paste or acid solder in electronic work. 


ASSEMBLY 
In the actual mechanical assembly of components to the chassis and 
anel, it is important that the procedure shown in the manual be care- 
Fully followed. Make sure that tube sockets are properly mounted in 
respect to keyway or pin numbering location. The same applies to 
transformer mountings so that the correct transformer color coded 
wires will be available at the proper chassis opening. 

Make it a standard practice to use lock washers under all 6-32 and 
8-32 nuts. The only exception being in the use of solder lugs—the 
necessary locking feature is already incorporated in the design of the 
solder lugs. A control lock washer should always be used between the 
control and the chassis to prevent undesirable rotation in the panel. 
To improye instrument appearance and to prevent possible panel 
marring use a control flat nickel washer under each control nut. 

When installing binding posts that require the use of fiber insulating 
washers, it is good practice to slip the shoulder washer over the bindin 

st mounting stud before installing the mounting stud in the pane 
hole provided. Next, install a flat fiber washer and a solder lug under 
the mounting nut. Be sure that the shoulder washer is properly 
centered in the panel to prevent possible shorting of the binding post. 
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WIRING 


When following wiring procedure make the leads as short and direct 
as possible. Ini filament wiring requiring the use of a twisted pair of 
wires allow sufficient slack in the wiring that will permit the twisted 
pair to be pushed against the chassis as closely as possible thereby 
affording relative isolation from adjacent parts and wiring. 

When removing insulation from the end of hookup wire, it is seldom 
necessary to expose more than a quarter inch of the wire. Excessive 
insulation removal may cause a short circuit condition in respect to 
nearby wiring or terminals. In some instances, transformer leads of 
solid copper will have a brown baked enamel coating. After the trans- 
former leads have been trimmed to a suitable length, it is necessary to 
scrape the enamel coating in order to expose the bright copper wire 
before making a terminal or soldered connection. 

In mounting parts such as resistors or condensers, trim off all excess 
lead lengths so that the parts may be installed in a direct point-to- 
point manner. When necessary use spaghetti or insulated sleeving over 
a ae wires that might short to nearby wiring. 

t is urgently recommended that the wiring dress and parts layout 
as shown in the construction manual be faithfully followed. In every 
instance, the desirability of this arrangement was carefully determined 
through the construction of a series of laboratory models. 


SOLDERING 


Much of the performance of the kit instrument, particularly in respect 
to accuracy and stability, depends upon the degree of workmanship 
used in making soldered connections. Proper soldered connections are 
not at all difficult to make but it would be advisable to observe a few 
precautions. First of all before a connection is to. be soldered, the 
connection itself should be clean and mechanically strong. Do not 
depend on solder alone to hold a connection together. The tip of the 
soldering iron should be bright, clean and free of excess solder. Use 
enough heat to thoroughly flow the solder smoothly into the joint. 
Avoid excessive use of solder and do not allow a flux flooding condition 
to occur which could conceivably cause a leakage path between 
adjacent. terminals on switch assemblies and tube sockets. This is 
particularly important in instruments such as the VI'VM, oscillo- 
scope and generator kits. Excessive heat will also burn or damage the 
insulating material used in the manufacture of switch assemblies. 
Be sure to use only good quality rosin core radio type solder. 
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